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PHYSICAL  SCIENCE  AND  ITS  CON¬ 
NECTIONS. 

PROGRESS  consists  in  the  reconciling  of  apparent 
contradictions.  Unity  and  differentiation,  heredity 
and  variability,  are  apparently  opposed.  Yet  a  mammal 
is  more  truly  a  unit  than  an  organism  that  suffers  little 
from  being  cut  in  two  because  each  part  can  do  the  work 
of  all.  A  civilised  state  with  interdependent  specialised 
interests  suffers  from  the  incapacity  or  rapacity  of  its 
classes  more  than  a  company  of  Fuegans,  each  of  whom 
can  supply  all  his  own  wants.  Science  is  progressing  in 
this  way.  Biology  cannot  advance  without  chemistry, 
geology  leans  on  physics,  and  this  interdependence  is 
due  to  specialisation,  to  differentiation.  In  organisms 
and  states  intercommunication  is  essential  to  preserve 
this  corporate  life.  Without  nerves  and  blood-vessels  an 
amoeba  may  possibly  get  on  fairly  well.  Fuegans  do 

not  require  railways  or  telephones.  Science  requires  its 
blood-vessels  and  nerves,  its  railways  and  telephones. 
Each  member  requires  what  is  elaborated  by  others  to  be 
collected  and  sorted  and  distributed  for  its  use.  It  is 
most  important  that  the  work  done  in  physical  science 
in  innumerable  laboratories  should  be  collected,  digested, 
distributed  for  the  information  of  the  biologist,  the  chemist, 
the  geologist.  The  study  of  the  properties  of  each  kind 
of  matter  as  related  to  energy  and  the  ether  has  bearings 
on  every  department  of  science  and  on  every  kind  of 
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practice  ;  on  agriculture  and  medicine  the  practical  appli¬ 
cations  of  biology,  and  on  manufactures  and  engineering 
the  practical  application  of  physics  and  chemistry.  Whether 
we  are  using  the  ether  to  transmit  energy  to  ploughs,  or 
measuring  the  irregular  energy  of  the  tissues  of  a  patient 
by  a  thermometer,  or  taking  nails  out  of  wheat  with 
magnets,  or  determining  the  physical  changes  produced 
in  materials  by  small  amounts  of  impurities,  we  require 
to  understand  physical  science,  and  any  day  some  ’advance 
in  it  may  be  of  service  in  practice.  The  connections,  the 
railways,  the  nerves,  in  this  department,  are  fairly  well 
supplied  by  the  technical  journals,  but  on  the  purely 
scientific  side  there  is  risk  that  an  undue  development 
of  specialisation,  without  sufficient  nourishment  and  com¬ 
munication  from  other  parts,  may  lead  to  local  turgescence 
and  inflammation,  to  the  injury  of  the  system  and  the  ulti¬ 
mate  atrophy  of  the  parts. 

In  treating  of  the  connections  of  physical  science  with 
other  branches  of  science,  we  may  either  divide  physical 
science  in  some  systematic  way,  and  study  the  connec¬ 
tions  of  each  division  with  other  sciences,  or  begin  by 
considering  the  other  branches  of  science  and  see  how  each 
is  connected  with  physical  science.  Without  some  syste¬ 
matic  and  rational  method,  we  are  sure  to  omit  outlying' 
and  unfamiliar  parts  of  any  subject  of  investigation.  It  is 
possible  in  the  compass  of  a  short  article  to  go  over 
only  a  very  small  number  of  the  various  connections 
between  physical  science  and  science  in  general,  and 
no  one  individual  could  do  justice  to  the  theme  ;  it 
is  only  possible  here  to  make  some  suggestions  as  to 
methods  of  systematic  division  of  the  subject,  and  to 
point  out  a  very  few  of  the  connecting  links  that  at 
present  cry  for  strength.  Physical  science  may  generally 
be  described  as  the  study  of  the  properties  of  matter, 
energy,  and  ether.  It  is  divided  from  chemistry  by  being 
the  study  of  each  kind  of  matter  by  itself,  while  chemistry 
studies  the  actions  of  different  kinds  of  matter  upon  one 
another.  Of  course  no  real  line  can  be  drawn,  and  the 
enumeration  of  the  objects  of  physical  study  is  for  the 
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purpose  of  dividing  the  subject  itself  rather  than  for  the 
purpose  of  dividing  it  from  other  subjects.  The  properties 
of  matter  and  energy,  of  energy  and  ether,  and  of  ether 
and  matter,  are  the  subjects  of  investigation  in  physical 
science.  The  matter  and  energy  region  is  subdivided 
into  (i)  pure  dynamics  of  solids  and  fluids,  that  branch 
where  mathematics  reigns  supreme,  whether  we  study  the 
motions  of  the  planets,  or  of  vortex  rings,  where  we  deal 
with  regular  and  reversible  kinetic  and  potential  energy  ; 
and  (2)  the  study  of  irregular  motions  of  heat  and  tur¬ 
bulence,  the  kinetic  theory  of  gases  and  the  turbulent 
motion  of  a  liquid,  the  first  and  second  laws  of  thermody¬ 
namics,  the  laws  of  specific  and  latent  heats,  of  temperature 
and  entropy,  viscosity,  and  the  limits  of  elasticity.  This 
subdivision  into  energy  as  regular  and  irregular  is  funda¬ 
mental,  and  pervades  the  whole  of  science  ;  it  bears  on 
cosmology  when  we  study  the  action  of  tide  production 
and  tidal  retardation  of  rotation,  the  circulation  ot  water 
up  the  air  and  down  the  mountains  and  its  erosions  and 
grindings  ;  it  bears  on  chemistry  when  we  study  chemical 
equilibrium  and  heat  of  chemical  action  ;  it  bears  on  bio¬ 
logy  when  we  study  the  regular  production  of  mechanical 
work,  of  electric  currents,  of  nervous  stimuli,  and  when 
we  study  the  production  of  heat,  the  viscous  resistance  to 
flow  of  fluids.  The  relations  of  ether  and  energy  are  com¬ 
prised  in  the  study  of  electro-magnetism  and  light.  As 
yet  we  know  little  about  the  relations  of  irregular  energy 
and  ether,  and  still  less  how  this  bears  on  cosmology,  che¬ 
mistry  and  biology.  The  bearings  of  electro-magnetism 
and  light  on  the  other  branches  of  science  are  too  many 
to  enumerate  and  too  familiar  to  be  worth  enumerating. 
We  are  yet  only  on  the  threshold  of  what  is  to  be  known. 
The  connections  of  matter  and  ether  are  even  more  ob¬ 
scure.  What  is  an  electric  current  ?  What  is  a  magnet  ? 
Why  are  some  things  electro-positive  and  others  electro¬ 
negative  ?  Why  do  most  vegetable  substances  turn  the 
plane  of  polarisation  of  light  one  way  and  animal  sub¬ 
stances  the  other  way  ?  Why  is  terrestrial  magnetism  so 
irregular,  so  variable  ?  On  every  side  weak  links  require 
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strengthening,  the  country  requires  opening  up,  railways 
and  telegraphs  require  to  be  organised. 

Of  the  three  great  branches  of  science — cosmology, 
chemistry,  and  biology — the  first  has  benefited  most  by 
physical  science.  One  of  its  most  advanced  branches, 
astronomy,  is  almost  a  dependency  on  physical  science. 
Since  Sir  Isaac  Newton’s  time  the  motions  of  the  stars, 
the  motion  of  the  earth,  the  tides,  have  been  almost  entirely 
reduced  to  be  branches  of  pure  dynamics.  Still  there  are 
outlying  branches  even  here.  The  motions  of  meteors, 
the  constitution  of  the  sun,  the  tides  themselves  have  not 
been  fully  explained  by  known  physical  causes.  In  the 
other  branches  of  cosmology,  geology,  and  geography,  the 
connections  with  physical  science  are  great,  but  do  not 
at  all  equal  in  extent  the  connections  with  astronomy. 
Many,  many  outlying  branches  are  still  unsupplied  with 
connections.  To  enumerate  even  a  few  of  the  directions 
in  which  these  connecting  links  may  be  strengthened,  it 
may  be  worth  while  suggesting  investigation  of  the  velo¬ 
cities  of  meteors  by  photography.  All  that  is  required  is 
a  periodic  eclipsing  of  the  plate  at  known  short  intervals 
of  time.  Any  meteoric  path  photographed  would  then 
be  interrupted  at  regular  known  intervals,  and  a  simple 
calculation  founded  on  the  observed  length  of  path  photo¬ 
graphed  between  the  interruptions,  would  tell  us  with 
considerable  accuracy  the  angular  velocity  of  the  meteor  ; 
a  velocity  only  known  now  in  the  very  vaguest  way. 
The  study  of  the  deformation  of  the  crust  of  the  earth 
by  solar  and  lunar  gravitation  is  a  connecting  link  be¬ 
tween  physics  and  cosmology,  that  requires  considerable 
strengthening.  We  are  told  on  one  hand,  on  the  highest 
authority,  that  the  earth  is  solid  to  the  core  ;  and,  on  the 
other  hand,  that  the  investigations  upon  which  this  result 
is  based  have  been  gone  over  very  carefully,  and  do  not 
lead  to  that  conclusion  at  all.  Is  the  earth  rigid  ?  How 
do  mountains  stand  ?  What  are  the  causes  of  the  earth 
breathings,  of  the  motion  of  the  pole,  of  earthquakes  ?  Can 
glaciers  erode  the  bottoms  of  rock  hollows  ?  Do  we  see 
in  the  periodic  variations  of  terrestrial  magnetism  any 
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effects  of  internal  stresses  on  a  magnetic  nucleus  or  a 
piezo-electric  action  on  crystals  in  the  crust  ?  Did  the 
moon  breaking  away  leave  the  hollows  the  sea  fills  ?  an 
unlikely  suggestion,  or  can  the  atmospheric  circulation 
while  the  earth  was  mostly  molten,  if  it  ever  was  so  and 
was  not  originally  a  mass  of  pretty  cold  meteors,  have 
been  intense  enough  to  blow  the  scum  of  the  earth  into 
the  continents,  although  the  then  equatorial  effect  of  solar 
radiation  cannot  have  been  as  great  in  proportion  to  the 
effects  of  general  terrestrial  temperature  as  they  are 
now  ?  What  is  the  nature  of  solar  circulation  ?  With 
no  equatorial  heating  its  conditions  differ  in  toto  from 
terrestrial  atmospheric  circulation.  Does  the  motion  of 
sunspots  show  that  the  solar  circulation  is  round  vortices 
parallel  to  its  axis,  or  can  vortical  circulation  take  place 
round  other  axes  for  any  length  of  time?  Is  the  state  of 
matter  inside  the  sun  different  from  anything  we  know 
here  owing  to  the  enormous  temperatures  and  pressures 
there?  Is  matter  destroyed  there,  as  has  been  suggested, 
or,  more  probably,  are  the  poor  atoms  so  tortured  that, 
may  be,  one  end  of  an  atom  may  be  miles  away  from  its 
other  end,  and  the  structure  like  one  of  those  proposed 
for  the  ether?  Would  this  account  for  the  darkness  of 
sunspots  ?  How  are  we  to  explain  the  thinness  of  the 
radiating  layer  round  the  sun,  with  an  enormously  hot  and 
apparently  opaque  mass  behind  ?  What  is  the  physical 
condition  of  nebulae  and  of  new  stars  ?  Spectroscopy  has 
told  us  a  great  deal  about  the  structure  of  stars  and  star 
systems,  and  it  has  similarly  told  us  a  great  deal  about  the 
structure  of  atoms.  Double  lines  betoken  rotating  stars 
and  rotating  atomic  motions.  We  are  still  only  on  the 
foundations  of  the  roads  between  physics  and  chemistry 
in  investigating  the  structure  of  matter.  Only  the  other 
day  our  means  of  investigation  in  the  ultra-violet  have 
been  enormously  extended.  Whole  forests  of  lines  have 
been  added  to  the  spectrum  of  hydrogen.  What  are 
the  motions  these  Fourier  series  represent  ?  Can  we  sum 
these  series  ?  Can  we  invent  a  structure  that  vibrates  so  ? 
Some  years  ago  Lord  Rayleigh  spoke  of  the  desirability  of 
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studying  the  simpler  chemical  phenomena.  Since  then  we 
have  had  the  modern  physico-chemical  researches  on  elec¬ 
trolysis  and  solution,  on  electrical  resistance  and  lowering 
of  freezing  points,  on  vapour  pressures  and  superficial 
tensions  in  solutions.  This  latter  question,  an  obvious 
borderland  where  physics  touches  on  chemistry,  deserves 
careful  investigation.  Catalytic  actions,  dyeing,  crystal¬ 
lisation,  diffusion,  all  may  depend  on  the  peculiar  properties 
of  the  superficial  layer  between  two  liquids,  or  the  layer  of 
liquid  next  a  solid.  A  good  deal  has  been  clone  on  the 
electrical  side  of  these  questions — very  little  on  the  thermal 
and  chemical  sides — and  yet,  considering  the  small  size 
of  organic  structures,  the  minute  volumes  and  enormously 
extended  surfaces,  actions  of  this  kind  must  have  an 
important  effect  in  organic  life.  The  solubility  of  a  sub¬ 
stance  in  the  layer  of  a  liquid  where  it  is  in  contact  with 
another  substance — liquid  or  solid — is  sometimes  quite 
different  from  its  solubility  in  the  general  body  of  the  liquid. 
A  layer  of  porous  solid  may  act  as  a  semi-permeable  mem¬ 
brane,  and  permit  only  a  comparatively  small  diffusion  of 
one  of  the  constituents  of  a  solution  to  pass  through  by 
collecting  the  other  constituent  upon  its  enormously  ex¬ 
tended  surface  layer.  The  physical  conditions  of  the 
material  within  these  surface  layers  are  very  different  from 
outside.  It  has,  for  instance,  been  suggested  that  in  the 
surface  layer  between  a  liquid  and  its  vapour,  in  which  some 
state  of  kinetic  equilibrium  holds  between  evaporation  and 
condensation,  all  the  various  states  represented  by  the 
sinuous  part  of  the  theoretical  continuous  isothermal  which 
can  be  drawn,  connecting  the  liquid  and  gaseous  states, 
coexist  at  different  depths  in  it.  The  conditions  of  chemical 
equilibrium  under  such  abnormal  circumstances  can  hardly 
be  the  same  as  within  the  liquid  ;  indeed  we  know  that 
the  solubility,  a  very  important  question  of  simple  chemi¬ 
cal  equilibrium,  is  different  within  this  layer.  The  con¬ 
ditions  of  diffusion  through  continuous  membranes  like  the 
case  of  hydrocarbons  diffusing  through  india-rubber  and 
other  similar  cases  of  semi-permeable  membranes,  may  be 
more  strictly  chemical  questions,  but  being  so  closely 
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connected  with  physical  diffusion,  and  with  the  physical 
theories  of  the  constitution  of  matter,  they  may  rightly  be 
noticed  as  on  the  connecting  road  between  physics  and 
chemistry.  In  this  same  connection  it  is  interesting  to 
consider  the  way  in  which  electrolysis  alters  diffusion. 
Both  in  gases  and  liquids  it  appears  as  if  the  ions  were 
carried  by  an  electric  current  through  metallic  plates.  It 
has  been  observed  that  the  negative  glow  can  penetrate  thin 
metallic  plates  even  into  the  air  outside  the  exhausted  tube. 
This  certainly  looks  as  if  the  ions  were  able,  with  the 
assistance  of  the  electric  current,  to  pass  through  the  metal. 
It  has  also  been  found  that  electrolysis  in  liquids  can  take 
place  through  a  thin  metallic  plate  while  a  thick  one  has  the 
electrolytic  ions  deposited  on  its  surface  or  actively  attacking 
its  substance.  If  metallic  plates  can  act  so  there  seems 
every  reason  to  expect  that  other  diaphragms  may  act 
similarly.  It  appears  as  if  electrolysis  can  be  forced 
through  a  very  short  metallic  layer.  As  if  Grothtis  chains 
of  metal  and  ion  can  hand  on  the  ions  for  a  short  distance 
into  the  metal,  but  that  ordinary  metallic  conduction  rapidly 
sets  in.  This  would  all  lend  support  to  the  theory  that 
ordinary  metallic  conduction  is  a  disorganised  kind  of 
electrolysis ;  disorganised  by  a  rapid  diffusion  which  re¬ 
stores  the  bonds  as  rapidly  as  they  are  broken  down  by 
the  electrolysis,  so  that  no  continuous  vection  takes  place, 
except  as  it  would  now  appear  through  a  very  short 
distance.  That  organic  membranes  can  do  something  akin 
to  conduct  metallically  seems  certain  from  the  possibility  of 
accumulating  a  high  electric  pressure  by  means  of  numerous 
cells  in  electrical  fishes.  By  merely  repeating  a  number  of 
liquid  contacts  through  porous  diaphragms  it  is  not  possible 
to  accumulate  a  high  electric  pressure.  It  seems  as  if  some 
unstable  body  were  set  free  by  the  nervous  stimulus  wdiich 

s' 

probably  diffuses  through  some  septum,  producing  thereby 
an  electric  pressure,  which  may  be  transmitted  by  some 
means  akin  to  conduction  to  the  next  cell.  It  may  be,  of 
course,  that  this  diffusion  through  the  cell  wall  is  what  is 
akin  to  conduction,  and  that  the  electrolysis  is  what  takes 
place  through  the  other  septum.  It  must,  however,  also  be 
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recollected  that  the  formation  of  a  hemihedral  crystal  is 
very  probably  accompanied  by  electric  pressure,  and  a 
sudden  crystallisation  might  be  the  source  of  the  discharge. 
That  some  crystalline  structure  seems  visible  in  muscular 
fibre  might  lend  plausibility  to*this  suggestion,  though  the 
enormous  prevalence  of  diffusion  and  superficial  layer 
phenomena  in  organic  bodies  makes  the  former  a  more 
probable  line  of  investigation,  muscular  contraction  itself 
being  either  a  diffusion  or  superficial  tension  phenomenon. 
In  any  case,  the  openings  for  means  of  communication 
between  physics  and  biology  are  evidently  innumerable, 
and  many  of  them  ripe  for  opening  up.  The  curious 
preferences  for  dyes  shown  by  organic  bodies  is  possibly 
another  example  of  these  superficial  affinities,  where  the 
question  of  relative  solubility  in  the  superficial  layer  depends 
on  how  much  the  superficial  tension  is  changed  by  the  body 
dissolved,  and  so  may  depend  not  only  on  the  solvent  but 
on  the  nature  of  the  neighbouring  surface.  Many  interest¬ 
ing  questions  depending  on  the  size  of  molecular  groups, 
which  we  learn  from  the  theory  of  gases,  are  of  great 
biological  interest.  Why  do  small  solid  particles,  suspended 
in  a  liquid,  keep  continually  moving  about?  If  this  motion 
be  not  part  of  the  heat  energy  of  the  liquid,  where  does 
the  energy  required  to  keep  them  moving  come  from  ? 
If  it  is  part  of  the  irregular  heat  energy  of  the  liquid,  it 
would  appear  as  if  the  microscopist,  with  a  fine  needle, 
might  act  the  part  of  a  Maxwelian'  demon,  and  by  a 
proper  sorting  of  the  particles  frustrate  the  second  law 
of  thermodynamics.  It  has  been  suggested  that  this  is 
actually  done  by  minute  organisms.  This  does  not,  how¬ 
ever,  at  present  look  like  a  very  hopeful  supply  of  work, 
though  there  is  no  knowing  what  we  may  come  to  when 
coal  fails  us.  In  any  case,  this  whole  subject  of  the  possible 
structural  complexity  of  visible  particles  is  an  important  road 
between  physics  and  biology,  about  which  enough  is  known 
to  make  advance  possible.  The  road  through  the  special 
senses  of  sight  and  hearing  has  been  nobly  pioneered, 
though  many  branches  of  it  require  much  strengthening. 
The  whole  subject  of  electric  stimuli,  the  electric  currents 
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accompanying  organic  changes  in  muscles,  nerves,  glands, 
etc.,  wherever  a  directed  action  takes  place,  is  a  magnificent 
trunk  line  of  connection  between  physics  and  biology.  It 
is  at  present  dreadfully  encumbered  by  a  medico-therapeutic 
jargon  of  Galvanisation,  Faradisation,  Franklinisation. 
What  is  required  is  measurement.  Measurement  of 
strength  of  current,  distribution  of  current,  duration  of 
current,  variation  of  current,  in  fact,  of  the  nature  of  the 
current  and  not  a  vague  description  of  how  it  was  produced. 
A  Leyden  jar  discharge,  the  so-called  Franklinisation,  may 
be  short  or  long,  continuous  or  oscillatory  according  to 
circumstances.  It  is  the  nature  of  the  current  and  not  its 
mode  of  generation  that  is  of  importance.  A  poor  nerve 
only  knows  what  passes  through  it.  Unless  the  patient  see 
and  is  nervously  affected  by  the  presence  of  a  big  electrical 
machine  the  nerve  never  knows  what  the  source  of  its 
agony  is. 

Modern  investigations  on  the  nature  of  light  will 
probably  bear  fruit  in  connection  with  biology,  chemistry, 
and  cosmology,  though  the  connecting  roads  are  at  present 
but  suggested  tracks.  It  has  been  suggested  that  the  rods 
and  cones  in  the  retina  are  about  the  sized  structure  that 
would,  by  ordinary  conduction,  resonate  to  the  electro¬ 
magnetic  vibrations  that  affect  our  eyes.  The  transparency 
of  these  structures  would  require  the  vibration  to  be  a 
displacement  vibration  and  not  a  conduction  current,  or 
else  that  the  current  was  conducted  round  the  cones  by  the 
black  pigment  in  which  they  are  immersed,  and  whose 
blackness  was  evidence  of  its  conducting  power.  Whatever 
is  the  true  explanation,  the  matter  seems  capable  of  in¬ 
vestigation.  The  whole  field  of  chemical  optics  and 
electrolysis  is  open  for  investigation.  Why  does  light 
cause  combination  of  hydrogen  and  chlorine?  Is  this  and 
allied  phenomena,  in  which  it  would  seem  that  the  primary 
action  was  the  breaking  down  of  a  molecular  group, 
connected  with  ordinary  electrolysis  ?  Here,  certainly,  we 
want  more  light  to  see  the  road.  Do  magnetic  forces,  as 
well  as  electric  ones,  come  into  play  in  building  up  molecules 
and  solids?  If  Mr.  Larmor’s  suggestion  that  atoms  are 
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little  closed  electric  currents  be  true,  these  magnetic  forces 
should  have  some  interatomic  effects  as  well  as  the  electric 
twist  he  supposes  superposed  upon  them.  These  compli¬ 
cations  seem,  however,  required  by  the  apparently  more 
complicated  nature  of  general  chemical  actions  than  the 
particular  case  of  simple  electrolytic  ones.  In  cosmology 
we  have  innumerable  suggestions  as  to  the  causes  of 
magnetic  storms,  aurorae,  comets’  tails,  coronal  streamers, 
zodiacal  light,  all  depending  upon  various  electro-magnetic 
actions.  Some,  such  as  the  direct  production  of  magnetic 
storms  by  electro-magnetic  changes  on  the  sun,  seem 
disproved  by  the  enormous  expenditure  of  energy  re¬ 
quired  ;  but  others,  in  which  the  electro-magnetic  actions 
are  due  to  streams  of  ions  in  particular  directions  crossing 
the  earth’s  way,  seem  deserving  of  consideration. 

The  greatest  problems  at  present  before  physical  in¬ 
vestigators  are  the  structure  of  ether  and  matter.  We 
can  hardly  doubt  that  they  are  dynamically  constructed. 
They  are  every  day  more  conclusively  shown  to  be 
dynamical  systems,  subject  to  the  laws  of  momentum,  of 
energy,  of  action  and  reaction.  Are  they  so  in  their 
minutest  parts  ?  There  seems  little  doubt  but  that  they 
are.  If  so,  what  is  their  structure?  Is  the  fascinating 
suggestion  of  vortex  rings  in  a  perfect  liquid  or  in  a 
MacCullagh  medium  capable  of  explaining  the  phenomena 
of  matter  ?  What  about  the  difficulties  involved  in  the 
momentum  being  greatest  when  the  velocity  is  least?  Is 
it  a  more  helpful  view  to  be  content  for  the  present  with 
those  horrible  fictions  of  the  pure  mathematician,  small 
hard  particles,  and  to  treat  combinations  as  planetary 
systems  with  a  measurable  moment  of  momentum  as  well 
as  internal  energy  ?  We  want  to  get  a  road  opened  up 
into  these  dark  continents.  We  want  to  know  the  structure 
of  matter  and  its  internal  motions,  and  we  look  to  the 
physical  investigator  to  study  spectra,  the  laws  of  motion, 
the  sizes  of  molecules,  their  internal  motions.  We  look  to 
the  chemist  to  measure  the  forces  between  them,  their 
modes  of  combination,  their  structure  when  combined,  and 
how  that  structure  affects  their  properties,  physical  and 
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chemical.  We  hope  some  day  to  know  so  much  of  these 
internal  motions  and  of  these  structures  that  we  may  be 
able  to  discover  the  structure  in  the  brain  that  betokens 
memory  and  the  motions  underlying  great  thoughts,  good¬ 
ness,  love.  We  may  then  hope  to  form  some  dim  scientific 
judgment  of  the  thoughts  underlying  creation.  We  may 
be  able  to  tell  what  thoughts  underlie  the  motions  of  a  solar 
system  or  the  development  of  a  race. 


G.  F.  Fitzgerald. 


THE  NEW  THEORY  OF  SOLUTIONS. 


DIOSMOSE. 


A  /T  ANY  of  the  investigations  of  the  older  physiolo- 
IV A  gists  were  concerned  with  the  passage  of  liquids 
through  animal  membranes.  If  an  aqueous  solution  were 
introduced  into  a  vessel,  the  base  of  which  consisted 
of  a  piece  of  bladder,  on  immersing  the  vessel  in  water 
until  the  levels  of  liquid  within  and  without  were  the 
same,  numerous  observations  established  the  fact  that 
both  water  and  dissolved  substance  began  to  traverse  the 
membrane.  In  the  same  apparatus  the  rates  at  which 
these  movements  took  place  varied  with  the  concentra¬ 
tion  of  the  solution  and  the  nature  of  the  dissolved  sub¬ 
stance,  but  it  invariably  happened  that  water  passed 
through  the  membrane  more  rapidly  than  the  saline 
substances  present  in  the  solution.  For  this  reason  the 
volume  of  the  solution  began  to  increase.  Pressure  thus 
began  to  rise  on  the  solution-side  of  the  membrane,  and 
continued  to  augment  until  it  reached  a  limiting  value. 
Such  phenomena  received  the  name  of  endosmose ,  the 
term  exosmose  being  applied  to  what  occurs  when  water 
is  placed  within  and  solution  without  the  vessel,  and  the 
apparatus  employed  was  termed  by  Dutrochet  an  endos- 
mometer . 

The  most  noteworthy  attempt  to  obtain  quantitative 
measurements  of  what  was  taking  place  in  these  experi¬ 
ments  was  made  by  Jolly.  In  his  method  the  endosmo- 
meter  is  kept  immersed  in  water  which  is  constantly 
renewed,  consequently  endosmose  only  reaches  its  limit  at 
the  instant  when  all  the  dissolved  substance  has  escaped 
and  the  apparatus  contains  only  pure  water.  When  this 
state  of  things  is  attained,  the  ratio  of  the  weight  of 
water  which  has  passed  into  the  vessel  to  the  weight  of 
dissolved  substance  which  has  escaped  Jolly  termed  the 
endosmotic  equivalent  of  the  substance  with  reference 
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to  the  membrane  employed.  The  magnitudes  of  this 
quantity  for  different  dissolved  substances  have  no  very 
precise  meaning,  however,  for  besides  being  affected  by 
the  pressure  differences  which  are  set  up  upon  the  mem¬ 
brane  during  endosmose  they  are  largely  influenced  by 
the  nature  of  the  membrane.  It  appears  that  the  kind 
of  membrane  used,  or  with  the  same  membrane,  its 
thickness  or  freshness  modifies  the  results  obtained. 
Even  the  direction  of  endosmose  is  of  importance  in 
some  cases  :  thus  water  passes  more  readily  outwards 
through  eel’s  skin,  more  readily  inwards  through  frog’s 
skin. 

OSMOSE. 

For  these  reasons  it  is  evident  that  when  animal 
bladder  is  employed  the  behaviour  of  dissolved  sub¬ 
stances  towards  permeable  partitions  is  to  a  large  extent 
masked  by  the  specific  effect  exerted  by  the  membrane. 
In  more  recent  times  this  disturbing  influence  has 
apparently  been  entirely  removed  and  the  phenomena 
have  been  considerably  simplified  by  the  use  of  mem¬ 
branes  artificially  prepared.  The  credit  of  directing 
attention  to  the  properties  of  these  artificial  membranes 
•  is  due  to  M.  Traube.  Working  still  from  a  physiological 
stand-point  he  discovered,  in  1867,  that  several  mem¬ 
branous  precipitates  although  they  may  be  freely  traversed 
by  water  differ  from  animal  membranes  in  the  important 
particular  of  presenting  a  barrier  to  the  passage  of 
certain  dissolved  substances.  Traube  showed,  for  in¬ 
stance,  that  if  a  quantity  of  copper  sulphate  solution  be 
aspirated  into  a  narrow  glass  tube,  on  cautiously  dipping 
the  tube  into  a  solution  of  potassium  ferrocyanide, 
and  allowing  the  two  solutions  to  come  into  contact,  a 
membranous  precipitate  of  copper  ferrocyanide  may  be 
formed,  shutting  in  the  contents  of  the  tube.  This 
membrane  was  found  to  be  impermeable  to  the  dissolved 
substances  which  produced  it  and  also  to  certain  other 
substances  which  could  be  added  to  the  original  solutions. 
Such  a  membrane,  which  is  permeable  only  to  solvent 
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but  not  to  dissolved  substance,  is  now  spoken  of  as  a 
semi-permeable  membrane  and  the  phenomena  to  which 
it  gives  rise  when  it  separates  a  solution  from  pure 
solvent  are  commonly  termed  osmose ,  whilst  phenomena 
such  as  those  involved  in  the  older  experiments  in  which 
dissolved  substance  as  well  as  solvent  pass  through  the 
membrane  are  referred  to  as  diosmose . 

OSMOTIC  PRESSURE. 

Traube  noticed  that  different  pressures  were  set  up 
on  opposite  sides  of  the  precipitates  obtained  in  his 
experiments,  but  as  the  septa  were  much  too  fragile  to 
withstand  any  appreciable  difference  of  pressure  he  was 
unable  to  make  quantitative  observations.  Such  results 
were  first  obtained  in  1877  by  W.  Pfeffer,  who  put  into 
practice  the  happy  idea  of  depositing  the  precipitate 
within  the  wall  of  a  small  porous  clay  cell  such  as  that 
employed  in  a  voltaic  battery.  If  such  a  cell  be 
lowered  into  a  solution  of  copper  sulphate,  while  at  the 
same  time  a  solution  of  potassium  ferrocyanide  be  poured 
into  its  interior,  the  solutions  meet  within  the  wall  of 
the  cell.  Little  diaphragms  of  copper  ferrocyanide  are 
thus  formed  which  stretch  across  the  interstices  in  the 
wall,  sufficient  support  being  thus  afforded  to  enable  the 
precipitate  to  withstand  a  pressure  of  several  atmospheres. 

After  such  a  cell  has  been  washed  free  from  the 
liquids  producing  the  membrane,  on  introducing  into  it  a 
quantity  of  solution  and  lowering  it  into  pure  water,  just 
as  in  the  older  experiments  water  passes  into  the  solution 
and  pressure  begins  to  increase  on  the  solution-side  of 
the  membrane.  And  if  instead  of  allowing  the  head  of 
liquid  to  rise  considerably  within  the  cell,  the  top  of  the 
latter  be  closed  in,  a  quantity  of  air  being  thus  im¬ 
prisoned  over  the  solution,  pressure  may  be  established 
by  the  compression  of  this  quantity  of  air,  and  the  value 
of  the  pressure  may  be  ascertained  by  having  the  air- 
enclosure  connected  with  a  manometer. 

The  striking  result  here  arrived  at  is  that  water  enters 
the  cell  until  the  pressure  difference  reaches  a  maximum, 
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and  when  this  maximum  is  attained  there  is  equilibrium 
between  solution  and  solvent — the  concentration  of  the 
solution,  which  was,  of  course,  lessened  by  the  entrance  of 
solvent,  and  the  pressure  remain  the  same.  When  this 
constant  state  of  things  is  established,  the  excess  of 
pressure  on  the  solution-side  of  the  semi-permeable  mem¬ 
brane  over  that  on  the  solvent-side,  is  termed  the  osmotic 
pressure  of  the  solution. 

ORIGIN  OF  THE  NEW  THEORY. 

It  is  to  this  experimentally  ascertained  magnitude — 
the  osmotic  pressure — which  is  in  the  main  the  outcome 
of  the  labours  of  physiologists,  that  the  new  theory  of 
solutions,  founded  by  van’t  Hoff,  owes  its  origin.  As 
van’t  Hoff  pointed  out,  the  great  practical  advantage 
which  arises  from  the  experimental  demonstration  of  the 
existence  of  osmotic  pressure,  no  matter  what  its  real 
nature  may  be,  lies  in  the  fact  that  it  enables  the  laws 
of  thermodynamics  to  be  applied  to  solutions.  If  we 
enclose  a  quantity  of  solution  in  a  cylinder  fitted  with  a 
piston,  and  if  the  walls  of  the  cylinder  be  semi-permeable, 
on  immersing  the  cylinder  in  water,  the  latter  will 
begin  to  enter  the  cylinder,  and  pressure  will  begin  to 
rise  within  it.  If,  however,  we  compress  the  solution  by 
means  of  the  piston,  entrance  of  water  will  be  retarded,  and 
when  the  pressure  exerted  by  the  piston  is  equal  to  the 
osmotic  pressure,  there  will  be  equilibrium  between  solu¬ 
tion  and  solvent.  Moreover,  by  altering  the  pressure 
on  the  piston,  the  concentration  of  the  solution  may  be 
altered  just  in  the  same  way  as  a  gas  may  be  rarefied 
or  compressed,  with  the  difference  in  the  case  of  the 
solution  that  change  of  volume  is  produced  by  the  passage 
of  water  through  the  semi-permeable  membrane.  By 
taking  care  that  the  pressure  on  the  piston  is  just  equal 
to  the  opposed  pressure  the  above  processes  may  be 
made  reversible,  and  it  is  possible  to  perform  with  a  solu¬ 
tion  a  reversible  cycle  of  operations  just  as  Carnot  did 
with  a  gas.  In  this  way  solutions  as  well  as  gases  may 
be  treated  thermodynamically.  From  such  considerations 
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van’t  Hoff  showed  that  if  a  solution  is  so  dilute  that  on 
communicating  heat  to  it  the  heat  is  exclusively  em¬ 
ployed  in  doing  external  work,  then,  if  the  concentra¬ 
tion  of  the  solution  remains  the  same,  the  osmotic  pressure 
should  be  proportional  to  the  absolute  temperature.  Such 
experimental  data  as  were  available  were  not  opposed  to 
this  conclusion,  which  is  now  spoken  of  as  Gay  Lussacs 
law  for  dilute  solutions ,  as  it  is  similar  to  the  well-known 
law  of  Gay  Lussac  connecting  gaseous  pressure  at  con¬ 
stant  volume  with  the  temperature.  Now,  Pfeffer’s 
observations  on  sugar  showed  that  at  constant  tempera¬ 
ture  osmotic  pressure  was  approximately  proportional  to 
the  concentration.  Here  there  was  indication  that  a  law 
analogous  to  that  of  Boyle  held  for  dilute  solutions ,  since 
Boyle’s  law  for  gases  may  be  expressed  by  stating  that 
at  constant  temperature  pressure  is  proportional  to  the 
mass  of  gas  per  unit  volume,  that  is,  to  the  concentration. 

The  most  striking  indication,  however,  of  the  close¬ 
ness  of  the  relation  between  solutions  and  gases  was 
obtained  by  comparing  the  magnitude  of  the  osmotic 
pressure  of  a  sugar  solution  with  that  of  a  gas.  Pfeffer 
found  that  at  6°’8  the  osmotic  pressure  of  a  one  per  cent, 
sugar  solution  was  ’664  atmospheres.  The  pressure  of 
a  volume  of  hydrogen  equal  to  that  of  the  solution,  and 
containing  the  same  number  of  molecules  as  there  are 
molecules  of  sugar  in  the  solution,  is  '665  atmospheres. 
The  values  of  the  two  pressures  are,  therefore,  almost 
identical.  This  identity  of  the  values  for  the  osmotic 
and  gaseous  pressures,  the  theoretical  and  practical  support 
to  the  idea  that  they  obeyed  the  same  laws,  led  van’t 
Hoff  to  the  conclusion  that  both  are  essentially  of  the 
same  nature,  that  both  have  the  same  origin.  The 
pressure  of  a  gas  is  due  to  impacts  of  its  molecules  on 
the  walls  of  the  containing  vessel,  and  according  to  van’t 
Hoff  the  osmotic  pressure  of  a  solution  is  the  result  of 
the  impacts  of  the  molecules  of  the  dissolved  substance 
on  the  semi-permeable  membrane,  because  when  equili¬ 
brium  results  between  solvent  and  solution,  the  impacts 
of  the  molecules  of  the  solvent  are  equal  and  opposed, 
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and  may,  therefore,  be  neglected.  Entrance  of  water 
into  the  cell  is  to  be  regarded  as  brought  about  by  the 
attraction  which  is  exerted  by  the  dissolved  substance. 
Indeed,  it  was  the  endeavour  to  obtain  a  measure  of  such 
attractive  forces  and  to  investigate  their  bearing  on  pro¬ 
blems  in  chemical  mechanics  which  first  caused  van’t  Hoff 
to  direct  his  attention  to  Pfeffer’s  observations. 

If,  as  this  reasoning  indicates,  osmotic  pressure  is  of 
kinetic  origin,  there  ought  to  be  a  proportionality  between 
the  number  of  impacts  per  unit  time  of  the  molecules  of 
the  dissolved  substance  on  the  semi-permeable  wall  and 
the  number  of  molecules  per  unit  volume  of  solution,  that 
is,  the  osmotic  pressure  ought  to  be  proportional  to  the 
concentration.  The  above  hypothesis  as  to  the  nature  of 
osmotic  pressure  thus  supports  the  validity  of  Boyle’s 
law  as  applied  to  dilute  solutions. 

The  identity  of  the  osmotic  pressure  of  a  given  volume 
of  sugar  solution  with  the  gaseous  pressure  of  an  equal  and 
equimolecular  volume  of  gas,  was  regarded  by  van’t  Hoff 
as  but  a  particular  instance  of  the  applicability  to  dilute 
solutions  of  an  hypothesis  similar  to  that  of  Avogadro. 
The  validity  of  this  application  he  established  thermo¬ 
dynamically,  taking  the  particular  case  of  a  soluble  gas 
obeying  Henry’s  law,  and  as  Pfeffer’s  observations  showed 
that  sugar  solutions  conformed  to  the  hypothesis,  the 
latter  was  transferred  to  solutions  in  general.  For  these 
reasons  it  is  asserted  that  equal  volumes  of  dilute  solu¬ 
tions  at  the  same  temperature  and  under  the  same  osmotic 
pressure  contain  the  same  number  of  molecules  of  dis¬ 
solved  substance.  Moreover,  this  number  of  molecules 
is  the  same  as  that  in  an  equal  volume  of  gas  at  the  same 
temperature,  and  under  a  pressure  equal  numerically  to 
the  osmotic  pressure  of  the  solution. 

THE  APPLICATION  OF  GASEOUS  LAWS  TO  DILUTE 

SOLUTIONS. 

On  the  new  theory  of  solutions,  therefore,  a  dissolved 
substance  may  be  treated  as  if  it  were  gaseous.  Replac- 
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ing  gaseous  pressure  by  osmotic  pressure,  gaseous  laws 
may  be  employed  to  express  the  behaviour  of  dissolved 
substances  when  in  dilute  solutions.  In  this  condition, 
it  has  to  be  noted  that  dissolved  substances  so  far  re¬ 
semble  rases  that  the  actual  volume  of  their  molecules  is 

o 

negligable  as  compared  with  the  space  which  they  inhabit, 
that  is,  the  volume  of  the  solution,  and  further  that  their 
energy  is  independent  of  the  volume — there  is  no  thermal 
change  in  dilution.  The  validity  of  the  application  of 
the  gaseous  laws  to  solutions  can  be  tested  by  other 
means  than  by  observations  on  osmotic  pressure.  *  It  can 
be  shown,  apart  from  any  theory  as  to  the  mechanism  of 
osmotic  pressure,  that  solutions  in  the  same  solvent, 
having  the  same  osmotic  pressure,  must  have  the  same 
vapour  pressure  and  boiling  point  and  the  same  freezing 
point.  But  according  to  the  gaseous  analogy,  solutions 
having  equal  osmotic  pressures,  or  isotonic  solutions  as  they 
are  called,  must  have  the  same  molecular  concentration  ; 
hence,  according  to  the  analogy,  solutions  having  the  same 
freezing  point  and  vapour  pressure  must  contain  per  unit 
volume  the  same  number  of  dissolved  molecules.  More¬ 
over,  assuming  the  validity  of  Avogadro’s  hypothesis  as 
applied  to  solutions,  van’t  Hoff  has  deduced  thermody¬ 
namically  how  the  vapour  pressure  and  freezing  point  of 
these  equimolecular  solutions  should  vary  from  solvent  to 
solvent.  Evidence  as  to  the  validity  of  the  analogy  can 
thus  be  obtained  from  measurements  on  vapour  pressure 
and  freezing  point,  measurements  much  more  easily  carried 
out  than  the  difficult  observations  on  osmotic  pressure. 

It  is  proposed  in  the  present  articles  to  summarise  the 
results  of  the  main  researches  which  have  been  made  in 
connection  with  the  new  theory  of  solutions,  and  in  treat¬ 
ing  the  subject-matter  attention  has  been  paid  to  the 
exceptional  behaviour  of  certain  solutions. 

The  laws  which  have  been  applied  to  dilute  solutions 
are  to  be  regarded  as  limiting  laws  which  would  be 
obeyed  by  an  ideal  solution.  And  just  as  certain  gases 
deviate  from  the  ideal  gaseous  laws,  some  containing 
fewer  and  others  more  molecules  than  Avogadro’s 
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hypothesis  demands,  precisely  similar  exceptions  have 
been  recognised  in  the  case  of  solutions.  In  some 
solutions  association  of  simple  dissolved  molecules  is 
supposed  to  take  place,  while  in  a  whole  class  of 
solutions,  namely,  those  of  salts,  strong  acids  and  bases, 
all  of  which  are  electrolytes,  the  dissolved  molecules  are 
supposed  to  undergo  dissociative  changes  resembling  in 
many  respects  those  occurring  in  the  case  of  gases. 

To  begin  with,  we  will  deal  with  non-electrolytic  or 
indifferent  solutions,  and  further  with  those  in  which  no 
association  of  molecules  is  supposed  to  take  place. 

OSMOTIC  PRESSURE. 

Absolute  Measurements. — Measurements  of  osmotic 
pressure  have  only  been  made  for  aqueous  solutions,  and 
only  three  observers,  namely  Pfeffer,  Adie,  and  Tarn- 
man,  have  obtained  absolute  measurements.  Adie  used 
Pfeffer s  method,  Tamman  employed  a  new  method, 
which  consists  in  separating  two  solutions  by  a  semi- 
permeable  wall,  and  altering  the  pressure  on  one  of  them, 
till  neither  loses  or  gains  water.  The  external  pressure 
thus  applied  is  evidently  equal  to  the  difference  of  the 
osmotic  pressures  of  the  solutions,  and  by  adding  a 
soluble  substance  to  one  of  the  solutions,  its  osmotic 
pressure  may  be  obtained  in  terms  of  the  adjustable 
external  pressure.  The  method  is,  however,  very  trouble¬ 
some  in  practice. 

As  regards  the  substances  examined,  Pfeffer,  who  in¬ 
vestigated  the  subject  from  a  botanical  point  of  view, 
used  solutions  of  cane  sugar,  dextrin,  gum-arabic,  and  the 
nitrate,  sulphate,  and  tartrate  of  potassium.  Adie  used 
salt  solutions  only,  and  Tamman  studied  cane  sugar  and 
isobutyl  alcohol  when  dissolved  in  copper  sulphate 
solution. 

Relative  Measurements. — A  large  number  of  observa¬ 
tions  on  osmotic  pressure  have  been  made  by  relative 
methods.  De  Vries  in  1884  described  three  botanical 
methods  of  obtaining  isotonic  solutions.  Of  these,  the 
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most  important  make  use  of  the  phenomena  of  plas- 
molysis.  It  appears  that  the  living  protoplasm  of  a 

vegetable  cell  behaves  as  a  semi-permeable  membrane. 
It  seems  to  allow  water  to  freely  pass  through  it, 

whereas  it  retains  the  sugar  and  saline  constituents  of 
the  cell  sap.  If  such  a  cell  be  immersed  in  water  it 
becomes  turgid,  and  the  cell  wall  may  eventually  be 
ruptured,  owing  to  the  osmotic  pressure  of  the  cell  sap 
being  set  up  within  it.  If  the  cell,  on  the  other  hand, 
be  immersed  in  a  strong  aqueous  solution^  the  cell  sap 
loses  water.  The  protoplasmic  envelope  which  in  the 
normal  condition  is  closely  applied  to  the  cell  wall 
contracts,  and  thus  within  the  cell  wall  vacant  spaces 

are  formed  which  become  filled  with  transparent  solution. 
On  using  cells  with  coloured  contents  it  is  easy  to 

observe  under  the  microscope  when  this  entrance  of 
solution  takes  place,  and,  by  having  a  series  of  solutions 
of  gradually  diminishing  concentrations,  and  immersing 
in  each  preparations  of  living  cells  from  the  same  plant, 
it  is  possible  to  ascertain  the  strength  of  solution  at 
which  entrance  of  solution  within  the  cell  wall  or  plas- 
molysis  just  ceases  to  occur.  This  particular  solution 
will  be  isotonic  with  the  cell  sap,  as  neither  gains  or  loses 
water  when  separated  by  the  semi-permeable  protoplasm 
of  the  living  cell.  Solutions  of  different  substances  which 
are  isotonic  with  the  sap  of  cells  from  the  same  plant  may 
in  this  way  be  obtained,  and  which  may,  therefore,  be 
regarded  as  isotonic  with  one  another. 

The  normal  concentration  of  the  cell  sap  may  be 
altered  by  plasmolysing  the  cells  in  a  standard  solution 
of  known  concentration.  Solutions  of  other  substances 
may  then  be  found  in  which  the  state  of  plasmolysis 
remains  unchanged,  and  these  will  evidently  be  isotonic 
with  the  standard.  Several  series  of  solutions  of  differ¬ 
ent  substances,  isotonic  with  different  standards,  may 
also  be  obtained  by  using  cells  from  plants  of  different 
species. 

Tamman  obtains  isotonic  solutions  by  allowing  a  drop, 
say  of  copper  sulphate  solution,  to  fall  into  a  solution  of 
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potassium  ferrocyanide,  and  adjusting  the  concentrations 
of  the  solutions  till  the  copper  sulphate  enclosed  within 
the  semi- permeable  precipitate,  which  is  at  once  formed 
around  the  drop,  ceases  to  lose  or  gain  water.  Whether 
water  does  pass  to  or  from  the  drop  may  be  conveniently 
ascertained  by  finding  by  the  use  of  Topler’s  apparatus  if 
the  refractive  index  of  the  liquid  near  the  drop  varies. 
Another  substance  may  be  added  to  A,  one  of  the 
membrane-forming  solutions.  The  isotonic  concentration 
of  B,  the  other  membrane  former,  is  then  found.  On  the 
assumption  that  the  osmotic  pressure  of  the  substance  is 
added  to  that  of  A,  the  concentration  of  B  isotonic 
with  the  substance  may  readily  be  ascertained. 

A  remarkable  method  of  obtaining  isotonic  solutions, 
inasmuch  as  no  semi-permeable  membrane  is  present ,  con¬ 
sists  in  the  use  of  red  blood  corpuscles.  If  defibrinated 
blood  be  introduced  into  water  or  a  weak  aqueous  solution, 
the  colouring  matter  of  the  corpuscles  becomes  uniformly 
diffused  throughout  the  liquid  which  is  tinted  reddish- 
brown.  In  a  strong  solution  the  corpuscles  settle  to  the 
bottom  of  the  containing  vessel,  leaving  the  upper  layers 
of  liquid  colourless.  Solutions  to  which  the  blood  cor¬ 
puscles  are  just  on  the  point  of  communicating  a  red  tint 
are  isotonic.  The  values  of  the  concentrations  of  isotonic 
solutions  obtained  in  this  way,  using  the  blood  of  the  ox, 
agree  satisfactorily  with  the  results  given  by  De  Vries. 
Different  series  of  isotonic  solutions  may  be  obtained  by 
using  the  blood  of  different  animals.  Hamburger,  to  whom 
this  method  is  due,  finds  that  in  a  dilute  solution  water 
enters  the  corpuscle  until  the  osmotic  pressure  of  its  con¬ 
tents  is  equal  to  that  of  the  solution.  During  this  process 
a  quantity  of  dissolved  substance  also  enters  the  corpuscle, 
which  apparently  gives  up  to  the  solution  an  isotonic 
amount  of  dissolved  material  from  its  own  contents.  If 
the  amount  of  water  entering  is  sufficiently  large,  the 
corpuscle  will  be  ruptured  and  the  solution  will  be 
coloured,  and  the  concentration  of  the  contents  of  the 
corpuscle  at  which  rupture  first  occurs  is  the  standard 
concentration  with  which  the  surrounding  solutions  are 
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compared.  From  this  peculiar  property  whereby  the 
corpuscle,  although  losing  part  of  its  contents,  takes  up 
an  isotonic  amount  from  the  solution,  it  is  possible  to 
obtain  isotonic  solutions  even  in  the  absence  of  a  semi- 
permeable  membrane. 

By  studying  the  electrical  excitability  of  frog’s  muscle 
(Nasse)  or  even  the  motions  of  bacteria  (Wladimiroff)  in 
different  solutions,  attempts  have  been  made  to  arrive  at 
the  concentrations  of  isotonic  solutions. 

Most  of  the  relative  measurements  of  osmotic  pressure 
relate  to  electrolytic  solutions. 

Boyle s  law  for  dilitte  solutions. — The  only  absolute 
measurements  on  a  well-defined  indifferent  substance 
which  can  be  used  to  test  this  law  are  those  of  Pfeffer  on 
sugar.  If  the  law  holds,  at  constant  temperature  the 
ratio  of  the  osmotic  pressure  P  to  the  concentration  C 
should  be  constant.  For  a  sugar  solution  at  tempera¬ 
tures  between  i3°*5  and  Pfeffer  gives  the  following 

values  : — 


c 

in  per  cents. 

P 

in  cm.  of  Mercury. 

P/C. 

I 

53  ’5 

5  3  '5 

2 

ioi‘6 

50-8 

274 

151-8 

55*4 

4 

208*2 

52*1 

6 

3°7‘5 

5r3 

Although  the  values  of  P/C  vary  by  some  io  per  cent., 
considering  the  difficulty  of  the  observations  their 
constancy  is  satisfactory.  The  above  measurements 
were  made  with  a  membrane  of  copper  ferrocyanide. 
Much  lower  values  for  the  osmotic  pressure  were 
obtained  for  the  same  sugar  solution  when  a  membrane 
of  Prussian  blue  or  calcium  phosphate  was  employed,  and 
these  facts  have  been  cited  as  indicating  that  even  with 
artificial  membranes,  just  as  with  animal  bladder,  the 
nature  of  the  membrane  affects  the  results.  It  is  easy 
to  show  theoretically,  however,  as  Ostwald  has  pointed 
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out,  that  if  the  membrane  is  really  semi-permeable 
its  nature  can  have  no  influence  on  the  value  of  the 
osmotic  pressure.  It  is  concluded,  therefore,  that  those 
membranes  giving  the  lower  values  were  not  quite  firm, 
or  not  quite  impermeable  to  dissolved  substance,  and  the 
highest  value  of  the  osmotic  pressure  is  regarded  as  being 
nearest  the  truth.  Even  copper  ferrocyanide  does  not 
seem  to  be  quite  impermeable  to  sugar,  as  some  of 
Pfefler’s  results  are  considerably  lower  than  those  given 
in  the  table.  The  variations  in  the  value  of  P/C  may 
be  in  part  attributed  to  this  cause. 

Evidence  in  support  of  Boyle’s  law,  as  applied  to 
solutions,  is  also  furnished  by  the  relative  methods,  as  the 
ratios  of  the  concentrations  of  two  isotonic  solutions  is  in 
general  the  same  no  matter  what  the  absolute  concen¬ 
trations  may  be.  From  the  nature  of  the  methods,  the 
constancy  of  the  ratio  can  only  be  investigated  over 
narrow  limits  of  concentration. 

Gay  Lussac  s  lazv  for  dilute  solutions. — Pfeffer’s  ob¬ 
servations  on  a  one  per  cent,  sugar  solution,  limited 
though  they  are,  supply  the  most  extensive  data  for 
testing  the  law.  In  the  table  are  given  the  results  of 
three  series  of  observations  (a,  b,  c),  carried  out  in 
different  porous  cells,  t  is  the  temperature  of  observa¬ 
tion,  P  the  pressure  and  R  the  ratio  of  P  to  the  absolute 
temperature.  This  ratio  should  be  constant  if  the  law  is 
obeyed. 


t. 


p 

in  cm.  of  Mercury. 


R. 


I4‘2 

32'° 


5ro 

54‘4 


•178 

•178 


( 

b  \ 


6-8 

137 
2  2*0 

T5‘5 

36-0 


5°'5 

52-5 

54‘8 

K2'0 

567 


•180 

•183 

•186 

•181 

•183 


The  ratios  vary  by  some  4  per  cent.,  and  since  the 
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temperature  range  over  which  they  extend  is  but  some 
30 J,  the  pressure  alteration  being  only  6’ 2  cm.,  the 
results  do  not  furnish  very  decided  support  to  the  law. 

By  the  use  of  blood  corpuscles,  Donders  and  Ham¬ 
burger  found  that  solutions — for  the  most  part  electrolytic 
— which  were  isotonic  at  o°  were  still  isotonic  at  340. 
This  result  indicates  that  the  effect  of  temperature  on 
osmotic  pressure  is  the  same  for  solutions  of  different 
substances  ;  it  gives  no  clue,  however,  as  to  the  law  of 
the  temperature  change.  It  is  evident  that  the  experi¬ 
mental  support  to  the  application  of  Gay  Lussac’s  law 
to  dilute  solutions  cannot  be  regarded  as  very  strong. 
The  range  over  which  the  observations  extend  is  too 
short  to  admit  of  the  accurate  determination  of  the  law 
expressing  the  variation  of  osmotic  pressure  with  the 
temperature. 

Avogadro  s  hypothesis  as  applied  to  dilute  solutions. — 
According  to  this  hypothesis  equal  volumes  of  solutions 
which  at  the  same  temperature  have  the  same  osmotic  pres¬ 
sures  should  contain  the  same  number  of  molecules,  and 
consequently  equimolecular  solutions  should  be  isotonic. 
De  Vries  was  the  first  to  show  that  this  was  the  case.  By 
his  methods  he  found  the  isotonic  molecular  concentrations 
of  two  substances  A  and  B,  that  is,  the  concentrations  for 
equal  osmotic  pressures.  Assuming  the  proportionality  of 
osmotic  pressure  and  concentration,  the  reciprocal  of  the 
ratio  of  the  above  concentrations  is  the  ratio  of  the 
osmotic  pressures  of  A  and  B  for  equimolecular  concen¬ 
trations.  De  Vries  took  potassium  nitrate  as  the  standard 
substance  B,  and  put  its  osmotic  pressure  equal  to  3, 
and  the  osmotic  pressure  of  a  substance  referred  to  that 
of  nitre  as  3  he  termed  its  isotonic  coefficient.  The 
isotonic  coefficients  of  indifferent  solutions  should,  ac¬ 
cording  to  the  hypothesis,  be  the  same.  Very  few 
indifferent  substances  have  been  investigated.  The  three 
methods  (I.,  II.,  III.)  used  by  De  Vries  gave  the  values 
for  the  isotonic  coefficients  represented  in  the  table.  In 
column  IV.  is  a  result  obtained  by  the  use  of  blood 
corpuscles. 
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I. 

II. 

III. 

IV. 

Urea  .... 

1*70 

Glycerin 

178 

— 

— 

— 

Invert  Sugar  . 

i-88 

— 

1  '84 

— 

Cane  Sugar  . 

i*8i 

i-95 

1 '84 

172 

The  isotonic  coefficients  of  the  four  substances  as 
found  by  the  different  methods  are  approximately  equal. 

Tamman  by  his  optical  method  obtains  results  for  six 
indifferent  substances.  He  uses  potassium  ferrocyanide 
as  standard.  If  n  be  the  gram  molecular  weights  of 
this  salt  dissolved  in  1000  gr.  of  water  he  finds  for  n—  1 
and  for  n  =  3  the  ratios  R  of  the  isotonic  molecular 
concentrations  of  the  indifferent  substances.  His  results 
are  as  follows  : — 


R. 

ii—i. 

n  =  3. 

Ethyl  Alcohol 

A5 

•45 

Cane  Sugar  . 

•40 

•40 

Salicin  .... 

•42 

— 

Chloralhydrate 

•46 

'45 

Ether  .... 

•45 

— 

Urea  .... 

*5° 

In  general,  the  above  results  support  the  idea  that  equal 
volumes  of  indifferent  isotonic  solutions  are  equimolecular. 

In  order  to  test  the  validity  of  Avogadro’s  hypothesis 
in  the  case  of  the  absolute  measurements  on  sugar  the 
osmotic  pressures  have  to  be  compared  with  the  corre¬ 
sponding  gaseous  pressures.  The  following  table  gives 
the  comparisons  of  the  osmotic  pressure  P  at  different 
temperatures  t,  with  the  gaseous  pressure  P'  calculated  by 
the  equation  P'  =  49*27  (1  +  *o 0367/).  This  equation 
gives  the  pressures  which  would  be  exerted  by  a  volume 
of  gas  equal  to  that  of  the  solution  and  containing  the 
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same  number  of  molecules  as  there  are  of  dissolved 
sugar. 


t. 

p 

in  cm.  of  Mercury. 

P' 

in  cm.  of  Mercury. 

6-8 

5°‘5 

5°'5 

I3‘7 

52’5 

5  r7 

14-2 

5ro 

51*8 

I5'5 

52*0 

52'1 

2  2  ’O 

54-8 

53'2 

32'° 

54'4 

55‘° 

36-o 

567 

55'8 

In  no  case  is  the  difference  between  observed  and 
calculated  numbers  considerable. 

Now  it  has  been  shown  by  the  relative  methods  that 
solutions  of  indifferent  substances  which  at  the  same  tem¬ 
perature  have  the  same  osmotic  pressure  as  a  sugar  solution 
contain,  per  unit  volumes,  the  same  number  of  dissolved 
molecules  as  the  sugar  solution.  Hence  it  follows  that 
these  substances  as  well  as  cane  sugar  conform  to  Avo- 
gadro’s  hypothesis  as  applied  to  solutions.  Equimolecular 
solutions  of  each  at  the  same  temperature  exert  the  same 
osmotic  pressure,  and  this  pressure  is  the  same  as  that 
which  the  dissolved  substance  would  exert  if  it  were  gasi¬ 
fied  and  if  it  occupied  at  the  same  temperature  a  volume 
equal  to  that  of  the  solution. 

J.  W.  Rodger. 


(To  be  continued.) 


INSULAR  FLORAS. 


PART  I. 

SINCE  the  publication  of  the  botany  of  the  voyage  of 
H.M.S.  Challenger ,  in  1885,  there  has  been  no  general 
review  of  the  subsequent  botanical  literature  relating  to 
insular  floras.  It  is  true  that  recent  discoveries  have  not 
added  materially  to  our  knowledge  of  the  composition  and 
probable  origin  of  the  vegetation  of  remote  islands  or  groups 
of  islands  ;  yet,  much  has  been  accomplished  in  working  out 
the  details  of  their  floras,  both  in  description  and  illustra¬ 
tion,  as  well  as  in  observation  of  the  means  of  dispersal  of 
plants.  A  condensed  summary  of  what  has  been  done  in 
this  branch  of  botany  is  perhaps  the  most  useful  way  of 
treating  the  subject  in  the  limited  space  that  can  be  devoted 
to  it  here.  Unimportant  contributions  must  necessarily  be 
left  out  of  consideration. 

Beginning  with  Eastern  Polynesia,  there  is  now  a  com¬ 
plete  and  critically  elaborated  account  of  the  flora  of  the 
Sandwich  Islands,  in  English,1  though  unfortunately,  in 
consequence  of  the  untimely  death  of  the  author,  the  part 
dealing  with  the  relationships  of  the  flora  consists  of  mere 
fragmentary  notes  and  observations.  Nevertheless,  the 
author  having  lived  twenty  years  in  the  islands,  and  having 
during  that  period  spent  much  of  his  time  in  the  elucidation 
of  the  flora,  these  notes  merit  our  serious  attention.  In  all 
999  species  of  vascular  plants  are  described,  and  these  are 
assigned  to  365  genera,  but  it  is  estimated  that  115  species 
have  been  introduced  since  the  discovery  of  the  islands,  and 
that  some  twenty-four  others  were  previously  introduced 
by  the  natives.  The  latter  are  all  of  economic  value,  and, 
although  now  spread  all  over  Polynesia,  have  probably 
spread  with  the  migrations  of  the  inhabitants  from  their 
original  homes,  largely  from  the  Malay  Archipelago. 

1  Flora  of  the  Hawaiian  Islands ,  W.  Hillebrand,  1888,  Svo,  xcvi.  and 
67 3  pages,  with  4  maps. 
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Among  these  plants  regarded  as  of  exotic  origin  are  : 
Calophyllum ,  Paritium ,  Lagenaria ,  Cordia ,  Cucurbit  a, 
Artocarfius ,  Broussonetia,  Aleurites ,  Piper ,  Colocasia ,  Musa , 
Saccharum ,  Dioscorea ,  etc.,  in  fact  nearly  all  those  necessary 
to  the  existence  or  comfort  of  the  inhabitants.  After  making 
the  foregoing  deductions,  there  remain  860  species  belonging 
to  265  genera,  which  may  reasonably  be  regarded  as  indi¬ 
genous  ;  in  other  words,  as  having  reached  or  developed  in 
the  islands,  independently  of  human  agency.  Of  these  860 
species,  653  are  endemic  or  peculiar  to  the  islands  ;  and 
there  are  forty  endemic  genera.  Of  these  no  fewer  than 
180  species  and  six  genera  are  described  by  Hillebrand  for 
the  first  time.  It  is  computed  that  81  ’42  per  cent,  of  the 
phanerogams  are  endemic,  and,  taking  the  dicotyledons 
alone,  no  less  than  85*62  per  cent.  ;  yet  the  author  is  wrong 
in  stating  that  this  proportion  is  much  higher  than  in  any 
other  country.  In  West  Australia,  for  example,  eighty-five 
per  cent,  of  the  whole  specific  phanerogamic  flora  is  endemic, 
and  in  St.  Helena,  thirty-seven  out  of  the  thirty-eight 
indigenous  flowering  plants  are  endemic.  With  regard  to 
the  origin  of  the  flora,  the  author  recognises  the  inade¬ 
quacy  of  oceanic  currents,  and  he  found  no  evidence  of  an 
earlier  terrestrial  immigration.  He  also  specially  emphasises 
the  fact  that  the  Hawaiian  Islands  are  the  only  Polynesian 
group  containing  a  large  proportion  of  indigenous  plants 
having  American  affinities.  This  is  strongly  exemplified 
in  the  numerous  and  prominent  endemic  Composite  and 
Lobeliacese. 

The  author  describes  five  zones  of  vegetation,  which 
ascends  to  altitudes  of  10,000  to  11,000  feet  on  some  of 
the  mountains  ;  but,  as  this  work  has  been  so  long  in  the 
hands  of  botanists,  it  does  not  seem  desirable  to  give 
fuller  particulars. 

There  are  further  contributions  to  the  botany  of 
Eastern  Polynesia,  especially  of  the  islands  under  French 
protection,1  and  of  these  combined  with  the  whole  of 

1  Flore  de  la  Polynesie  Francaise,  E.  Drake  del  Castillo,  1893, 
8vo,  xxiv.  and  352  pages. 
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Polynesia  proper.1  The  illustrations  are  particularly 
useful,  and  it  also  contains  an  enumeration  of  all  the 
plants  known  to  the  author  from  the  whole  of  Polynesia, 
with  the  general  distribution  of  each  species.  This  is 
doubtless  very  nearly  complete,  so  far  as  the  French 
islands  are  concerned,  yet  it  is  evident  that  the  author 
was  not  well  acquainted  with  the  literature  of  recent  dis¬ 
coveries  in  Central  and  Western  Polynesia.  Still,  as  the 
only  consolidation  of  the  more  important  works,  it  is 
most  valuable.  The  plates,  too,  are  admirable,  and  a 
great  acquisition  to  previously  existing  published  delinea¬ 
tions  of  Polynesian  types.  One  cannot  but  regret,  however, 
that  the  drawings  of  the  Forsters,  Solander,  Parkinson,  and 
other  members  of  Cook’s  voyages  at  the  British  Museum 
were  never  published. 

The  French  islands,  of  which  the  plants  are  described 
in  the  former  work,  are  the  Society,  Marquesas,  Pomotou 
or  Low,  the  Southern  or  Tubuai,  and  Wallis  Islands — the 
last  being  far  west  of  the  others,  to  the  north  of,  or  rather 
in,  the  Tonga  group.  Of  these  groups,  the  Society  Islands 
are  the  most  important,  and  Tahiti  or  Otaheite  is  the 
largest  and  loftiest  island  of  the  group,  rising  to  nearly 
7000  feet  in  its  highest  part,  and  it  is  in  this  group  and 
island  that  a  very  large  majority  of  the  endemic  forms 
are  concentrated.  Out  of  a  total  of  588  vascular  plants, 
including  a  considerable  number  of  undoubtedly  introduced 
species,  the  author  records  161  as  peculiar  to  FVench 
Polynesia,  and  about  100  as  peculiar  to  the  Society 
Islands.  But  several  of  the  most  striking  types,  hitherto 
regarded  as  Tahitan,  have  recently  been  discovered  in 
Western  Polynesia,  an  example  of  which  is  cited  below. 
The  cause  of  this  misconception  concerning  the  distribu¬ 
tion  of  certain  Polynesian  types,  is  the  extreme  rarity  of 
individuals  of  many  species,  even  in  some  known  instances 
where  they  inhabit  distant  islands.  But  most  of  the 
endemic  species  of  the  Society  Islands  and  the  Sandwich 

1  Illustrationes  Flora  Insularum  Maris  Pacifici,  E.  Drake  del 
Castillo,  1886-1892,  4to,  458  pages  and  50  plates. 
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Islands,  as  well  as  of  the  Galapagos,  are  confined  to 
single  islands,  and  often,  we  are  assured,  by  competent 
explorers,  to  very  restricted  areas  and  easily  counted 
individuals.  This  affords  a  reason  why  the  botanists  of 
Cook’s  voyages  failed  to  obtain  nearly  complete  collec¬ 
tions  of  the  plants  of  Tahiti,  though  much  time  was  spent 
there.  Subsequent  English  collectors  have  made  fresh  dis¬ 
coveries,  yet  they  have  by  no  means  exhausted  the  flora. 
French  collections,  as  might  be  expected,  are  much  richer, 
especially  those  made  by  persons  actually  resident  in  the 
islands  ;  but  they  want  a  number  of  species  existing  in  the 
English  collections.  This  excessive  rarity  of  individuals 
of  the  endemic  element  is  not  satisfactorily  accounted  for 
by  the  destructive  effects  of  cultivation  and  the  struggle 
with  introduced  plants  of  excessive  reproductive  powers 
combined,  because  many  of  them  would  appear  to  inhabit 
localities  where  they  are  neither  exposed  to  direct  de¬ 
struction  nor  to  competition.  It  is  one  of  the  problems 
to  be  studied  on  the  spot.  Reduced  reproductive  power 
may  explain  the  phenomenon  ;  but  local  investigation 
should  reveal  the  real  cause.  What  is  certain,  some  of 
the  most  highly  differentiated  forms  of  vegetable  develop¬ 
ment  still  linger  on  in  remotely  distant  localities.  Lepinia , 
a  genus  of  Apocynacese,1  having  one  of  the  most  remark¬ 
ably  constructed  fruits  in  the  whole  range  of  the  vegetable 
kingdom,  was  discovered  in  Tahiti  by  the  French  col¬ 
lectors  Lepine  and  Vesco  in  1847,  and  by  Nadeaud,  a 
writer  on  the  botany  of  the  island,  in  1856  ;  but,  as  far 
as  can  be  ascertained,  it  exists  in  no  English  collection 
from  the  island  ;  yet,  in  1890,  the  Rev.  R.  B.  Comins 
collected  specimens  of  the  very  same  species  in  the 
Solomon  Islands,  some  3000  miles  to  the  westward.  No 
intermediate  locality  is  known ;  and,  to  all  appearance, 
it  is  one  of  the  least  likely  of  plants  to  be  conveyed  a 
distance  by  any  of  the  ordinary  means  of  dispersal.  In 
the  flowering  stage  the  carpels  of  the  ovary  of  this  plant 
are  small  and  apparently  consolidated,  but  having  the  four 


1  Annales  des  Sciences  Naturelles ,  3me  serie,  xii.  p.  194,  t.  9. 


INSULAR  FLORAS. 


3i 


carpels  forming  the  fruit  on  long  slender  stalks  joined  at  the 
tips  only.  Returning  to  the  numbers  in  Drake  del  Cas¬ 
tillo’s  table  showing  the  general  distribution  of  the  plants 
inhabiting  French  Polynesia  :  besides  the  161,  or  thereabout, 
peculiar  to  those  islands,  123  others  do  not  extend 
beyond  Polynesia,  making  284,  or  nearly  half  of  the  total 
peculiar  to  Polynesia.  With  regard  to  those  extending 
beyond  Polynesia  (including  Melanesia  and  Micronesia), 
297  belong  to  the  Indo-Malayan  region,  and  only  seven 
to  other  regions.  The  almost  total  absence  of  Australian 
types  is  remarkable ;  but  what  is  more  remarkable,  the 
absence  of  such  types  is  almost  as  great  in  Central  and 
Western  Polynesia,  where  considerable  explorations  have 
been  made  during  the  last  few  years.  The  Tonga  or 
Friendly  Islands  have  been  much  visited  from  Cook’s 
time  onward ;  yet,  until  recently,  no  attempt  had  been 
made  to  give  a  general  account  of  the  flora.  This  has 
now  been  done.1  Considering  the  small  areas  and  the 
inconsiderable  elevations  of  the  higher  islands,  there  is  a 
fairly  varied  flora,  including  some  endemic  forms.  Taken 
as  a  whole  the  flora  may  be  termed  Fijian  ;  many  of  the 
plants  being  common  to  the  two  groups  and  the  Samoan 
or  Navigator’s  Islands  to  the  north,  with  strong  Malayan 
affinities.  Melicytus  ramiflorus,  a  New  Zealand  shrub  be¬ 
longing  to  the  Violacese,  also  found  in  Norfolk  Island,  is  one 
of  the  recent  discoveries  in  the  Tonga  Islands  ;  and  perhaps 
the  only  element  in  the  flora  indicating  any  connection 
between  the  two  floras.  But  it  has  a  baccate  fruit,  and 
its  presence  in  Tonga  may  be  due  to  the  agency  of 
birds. 

Allusion  has  already  been  made  to  the  discovery  of 
a  highly  curious  Tahitan  tree  in  the  far  distant  western 
Solomon  Islands.  Dr.  H.  B.  Guppy  and  the  Rev.  R.  B. 
Comins  have  collected  many  other  singular  plants  in  this 
group,2  and  there  is  evidence  of  the  existence  of  a  pro- 

1  “  Flora  of  the  Tonga  Islands,”  W.  Botting  Hemsley,  in  Journ. 
Linn.  Soc .,  xxx.,  1894. 

2  “  New  Solomon  Islands  Plants,”  W.  Botting  Hemsley,  in  Annals 
of  Botany,  vol.  v.,  1891. 
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bably  rich  endemic  element  on  the  mountains  of  the 
interior  of  the  larger  islands.  A  rough  list  of  the  plants 
collected  by  Dr.  Guppy  has  appeared,1 2  and  in  spite  of  the 
fragmentary  character  of  many  of  the  specimens,  there  was 
sufficient  material  to  establish  several  new  genera,  and  a 
number  of  new  species  ;  and  many  still  remain  undescribed. 
Cominsia  Guppyi 2  is  a  remarkable  new  genus  of  the  Scita- 
minece  allied  to  Phrynium ,  and  characterised  by  a  very  long 
corolla-tube  and  singularly  rugose  seeds.  Another  specially 
noteworthy  novelty  is  a  new  genus  of  Pandanacese  3  collected 
by  Dr.  Guppy  on  the  highest  peak  of  Fauro  Island,  about 
1500  feet  above  sea  level.  It  is  a  tree  fifty  feet  high,  with 
an  unbranched  trunk,  long,  narrow  almost  unarmed  leaves, 
and  a  much-branched  spadix. of  female  flowers  three  to  four 
feet  long.  Dr.  Beccari  collected  imperfect  specimens  of  the 
same  tree  on  the  north-west  coast  of  New  Guinea. 

Not  less  remarkable  is  the  new  sapotaceous  genus 
Che  lone  spermum .4  The  large,  curiously  formed  dorsi  ven¬ 
tral  seeds  of  one  or  two  species  had  been  known  for  years, 
but  neither  flowers  nor  fruit ;  and  it  was  not  till  1879,  when 
Mr.  Horne,  late  director  of  the  Mauritius  Botanic  Garden, 
brought  two'  leaves  and  a  seed  from  the  F ij  is,  that  the  native 
country  of  any  species  was  known.  In  1891  the  Rev.  R. 
B.  Comins  brought  seeds  of  two  apparently  distinct  species 
from  the  Solomon  Islands,  and  the  following  year  he  suc¬ 
ceeded  in  obtaining  a  specimen  of  one  almost  past  the 
flowering  stage,  and  a  ripe  fruit.  The  latter  resembles  a 
pear  of  medium  size,  and  contains  a  single  compressed  seed 
with  an  exceeding  hard  testa,  smooth  and  shining  on  what 
may  be  termed  the  dorsal  surface,  which  extends  into  an 
overlapping,  more  or  less  jagged  or  spiny,  margin,  and  a 
more  or  less  uneven  and  spiny  ventral  surface.  The 

1  The  Solomon  Islands  and  their  Natives ,  H.  B.  Guppy,  1887,  PP- 
280-307. 

i 

2  W.  Botting  Hemsley,  in  Annals  of  Botany,  v.,  1891,  t.  27. 

3  To  be  published  shortly  by  the  writer,  with  some  other  novelties 
from  the  same  region,  in  the  Jonrn.  Linn.  Soc.,  vol.  xxx. 

4  W.  Botting  Hemsley,  in  Annals  of  Botany,  vi.,  1892,  pp.  203-210, 
plates  11-14. 
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Solomon  Islanders  are  well  acquainted  with  the  seeds,  from 
which  they  extract  the  embryo,  and  use  the  hard  shell  for 
various  purposes.  From  their  resemblance,  the  natives  call 
them  turtle-seeds;  and  they  sometimes  engrave  figures  of  a 
not  inelegant  pattern  on  the  dorsal  surface.  Four  species 
are  imperfectly  known  :  one  from  Fiji,  two  from  the  Solomon 
Islands,  and  one  of  which  the  native  country  is  unknown. 
A  seed  of  one  of  the  Solomon  Islands  species  was  sent 
from  Edinburgh  for  identification,  and  this  was  labelled 
as  having  been  received  from  the  New  Hebrides.  More 
complete  material  is  wanted  of  all  the  species,  and  for  this 
reason  these  somewhat  full  particulars  are  given. 

Rarity  of  Australian  types  is  almost  equally  as  marked 
in  the  Solomon  Islands  as  in  Eastern  Polynesia — an  un¬ 
described  G  rev  Me  a  and  Dendrobium  hispidum  are  excep¬ 
tions.  Of  course,  more  complete  explorations  may  reveal 
closer  affinities.  The  Germans  have  collected  considerably 
in  the  northern  islands  of  the  Solomon  group,  in  the 
islands  composing  the  Archipelago  of  New  Britannia, 
better  known,  perhaps,  as  New  Britain  and  New  Ireland, 
as  well  as  in  the  Caroline  and  Marshall  Islands,  in  the 
North-West  Pacific  ;  and  these  collections  have  been  pub¬ 
lished  by  various  botanists.1  The  novelties  described  are 
chiefly  specific,  and  belong  to  characteristic  Malayan 
genera.  Hansemannia  is  a  proposed  new  pluricarpellary 
genus  of  the  Mimoseae  ;  but, 'as  Bentham  long  ago  sug¬ 
gested,2  it  would  be  better,  perhaps,  to  treat  these 
pluricarpellary  Mimoseae  as  species  of  the  genera  to 
which  they  are  otherwise  very  closely  allied,  rather  than 
as  independent  genera.  Taken  altogether,  these  contri- 

1  Ueber  den  Vegetationscharacter  der  Inseln  der  Neubritannischen 
Archipels  und  der  Insel  Bougainville  :  Naumann,  in  Engler’s  Jahr- 
bucher ,  vi.,  1885,  pp.  422-426.  Die  auf  der  Expedition  S.  M.  S. 
“Gazelle”  Gesammelten  Orchideen  :  Kranzlin,  in  op.  cit .,  vii.,  1886,  pp. 
435-443.  Die  auf  der  Expedition,  etc.,  Gesammelten  Phanerogamen  : 
Engler,  op.  cit.,  pp.  444-480.  Die  flora  der  deutschen  ostasiatischen 
Schutzgebietes  :  Schumann,  in  op.  cit.,  ix.,  1887,  pp.  189-223.  Flora 
des  Stewart-Atolls  im  Stillen  Ocean  :  Gunther  Ritter  von  Beck,  in  Ann. 
des  K.  K.  Naturhist ,  Hofmus,  iii.,  1888,  pp.  251-256. 

2  Transactions  of  the  Linnean  Society ,  xxx.,  p.  349. 
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butions  to  the  botany  of  the  Western  Pacific  can  only  be 
considered  as  mere  fragments  ;  but,  so  far  as  they  go, 
they  indicate  greater  peculiarity  in  the  Solomon  Islands 
than  in  the  other  groups.  Sir  Ferdinand  Mueller  has 
also  published  many  contributions  to  the  flora  of  Western 
Polynesia,  especially  of  the  New  Hebrides,  Loyalty  and 
Samoan  groups  ;  but  they  are  so  scattered  that  it  would 
be  a  great  labour  to  attempt  to  give  an  idea  of  what  they 
embrace.  One  specially  interesting  addition  is  Eucalyptus 
Naudiniana ,  from  New  Britain,1  an  extreme  outlier  of  the 
great  Australian  forest  element. 

Stewart  Atoll  consists  of  several  islands,  in  about 
8°  22  S.  lat.,  and  may  be  considered  as  an  outlier  of  the 
Solomon  group.  The  Austrian  Novara  expedition 
landed  for  a  few  hours  only  on  Faule  or  Small  Island, 
where  about  a  dozen  and  a  half  different  plants  were  col¬ 
lected,  including  Fimbristylis  faulensis ,  Fleurya  glab- 
errima ,  Procris  obovata ,  Schmidelia  lasiostemon  and  Bassia 
microcalyx ,  described  as  new.  Although  this  island  is 
only  from  eight  to  ten  feet  above  the  mean  level  of  the 
sea,  and  only  one  nautical  mile  in  circumference,  it  was 
found  to  be  covered  with  a  luxuriant  vegetation  of  trees 
and  shrubs  ;  the  trees  in  the  centre  of  the  island  being  of 
large  dimensions.  It  is  also  stated  that  the  American 
mangrove,  Rhizophora  mangle ,  has  established  itself,  and 
grows  most  luxuriant  on  the  lagoon  side  of  the  island. 
This,  if  not  an  error,  is  exceedingly  interesting,  as  Mr. 
J.  J.  Lister  collected  a  specimen  of  this  species  in  the 
Tonga  Islands,  and  we  could  only  suppose  that  it  had 
been  accidentally  introduced  with  ballast,  because  we 
could  find  neither  specimens  nor  record  of  any  from  any 
other  locality  westward  of  America  ;  the  common  species 
of  Eastern  Polynesia  and  the  Malay  Archipelago  being 
R.  mucronata. 

Among  the  islands  of  the  North-West  Pacific  recently 
botanically  explored  are  the  Bonin  group,  and  Sulphur 
Island,  situated  a  little  to  the  south-west  of  Bonin.  Also 


1  Australian  Journal  of  Pharmacy,  July,  1886. 
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the  essentially  Asiatic  Luchu  Archipelago,  to  the  south 
of  Japan,  and  the  Kurile  chain  in  the  north,  connecting 
Yesso  with  Kamtschatka.1  The  list  of  vascular  plants 
collected  in  Sulphur  Island  numbers  twenty-seven,  includ¬ 
ing  five  ferns  and  one  epiphytic  orchid,  Luisia  teres.  Seve¬ 
ral  of  the  plants  are  identified  with  Japanese  species,  and, 
with  one  exception,  the  rest  are  common  littoral  plants 
of  the  Pacific,  or  of  wider  range.  The  exception  is 
Dodoncea  Thunbergiana,  Eckl.  and  Zeyh.,  a  native  of 
South  Africa  and  Bourbon  Island.  We  suspect  that  it 
may  be  a  narrow-leaved  variety  of  the  ubiquitous  tropi¬ 
cal  D.  viscosa,  rather  than  this  comparatively  local 
species. 

Ceylon  is  so  near  the  mainland  of  India,  with  which 
it  is  almost  connected  by  stepping-stones,  that  its  flora 
can  hardly  be  termed  insular  in  the  generally  accepted 
sense  of  the  word  ;  yet,  for  many  reasons,  it  claims  a 
mention  here,  and  more  particularly  on  account  of  the 
important  recent  literature.2  Ceylon  is  so  well  situated, 
so  easy  of  access,  its  flora  so  rich,  its  climate  so  good, 
and  its  botanic  garden  so  well  adapted  for  scientific  work, 
that  it  is  to  be  hoped  that  the  laboratory  which  has  been 

1  “  On  the  Plants  of  Sulphur  Island,”  Samuro  Okubo,  in  the 

Journal  of  the  College  of  Science ,  Imperial  University  of  Japan,  ii.,  1888, 
pp.  1 43-1 47.  “  Die  Liukiu  Inseln,”  O.  Warburg,  in  the  Mittheilungen 

der  Geographischen  Gesellschaft  in  Hamburg ,  1890,  reprint,  pp.  25. 

“The  Flora  of  the  Kurile  Islands,”  Kingo  Miyabe,  in  Memoirs  of  the 
Boston  Society  of  Natural  History ,  iv.,  1890,  pp.  203-275,  with  a  map. 
“  Eine  Reise  nach  den  Bonin  und  Volcano-Inselm,”  O.  Warburg,  in 
the  Verhandlungen  der  Gesellschaft  fur  Erdkunde  zu  Berlin ,  1891,  re¬ 
print,  pp.  21,  with  a  map. 

2  “Notes  on  the  Flora  of  Ceylon,”  H.  Trimen,  in  the  Journal  of 
Botany ,  1885.  “A  Systematic  Catalogue  of  the  Flowering  Plants  and 
Ferns  Indigenous  to,  or  Growing  Wild  in,  Ceylon,”  H.  Trimen,  1885. 
“  Remarks  on  the  Composition,  Geographical  Affinities,  and  Origin  of 
the  Ceylon  Flora,”  H.  Trimen,  in  the  Journal  of  the  Royal  Asiatic 
Society ,  Ceylon  Branch,  xi.  (1885).  “On  the  Flora  of  Ceylon,  especially 
as  affected  by  Climate,”  H.  Trimen,  in  the  Journal  of  Botany ,  1886. 
“Additions  to  the  Flora  of  Ceylon,”  H.  Trimen,  in  the  Journal  of 
Botany ,  1889.  “Handbook  of  the  Flora  of  Ceylon,”  H.  Trimen, 
part  i.,  8vo,  pp.  327,  with  25  plates,  1893. 
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established  there  may  be  more  frequently  visited  by 
botanists,  who  will  thus  enjoy  the  opportunity  of  studying 
vegetable  biology  under  the  most  favourable  conditions. 
Trimen  estimates  the  indigenous  phanerogamic  flora  at 
2729  species,  after  deducting  about  200  aliens  which 
are  more  or  less  thoroughly  colonised.  This  computa¬ 
tion,  it  should  be  mentioned,  is  based  on  a  very  broad 
view  of  species,  and  when  we  take  into  consideration  that 
Ceylon  is  about  one-sixth  smaller  than  Ireland,  and  has 
no  really  alpine  flora,  this  number  is  really  high,  even 
for  a  tropical  region.  It  may  be  mentioned  in  this  con¬ 
nection  that  the  greatest  concentration  of  species  in  small 
areas  occurs  in  temperate  regions  of  the  southern  hemi¬ 
sphere,  in  West  Australia,  and  South  Africa.  Nearly  thirty 
per  cent,  or  about  800  species  are  endemic  in  Ceylon  ;  but  the 
number  of  peculiar  genera  is  smaller  than  might  have 
been  expected,  being  only  about  twenty,  or  something 
like  two  per  cent.  One  of  the  most  important  facts 
brought  to  light  by  Dr.  Trimen’s  analysis  of  the  com¬ 
position  of  the  flora  is  the  much  stronger  Malayan  affini¬ 
ties  than  -  those  exhibited  by  the  flora  of  the  Indian  pen¬ 
insula.  Upwards  of  one  hundred  Ceylon  genera  are  not 
represented  in  the  Indian  peninsula,  and,  deducting  the 
twenty  endemic  ones,  there  still  remains  the  remarkable 
fact  that  eighty-seven  genera  of  wider  distribution  are 
represented  in  Ceylon,  but  not  in  the  Indian  peninsula. 
Of  these,  fifty-six  are  represented  by  endemic  species, 
and  thirty-one  by  non-endemic  species. 

The  botany  of  what  may  be  termed  the  Indian  Islands 
has  been  very  assiduously  investigated  by  Dr.  Prain,  who 
has  published  a  considerable  number  of  papers  on  the 
subject.1  Primarily,  the  Laccadives  attract  our  attention. 
They  are  wholly  coral,  and  form  a  chain  of  peaks  some 

1<4A  List  of  Laccadive  Plants,”  David  Prain,  in  the  Scientific 
Memoirs  by  Medical  Ojficers  ofi  the  Army  ofi  India ,  part  v.,  1890,  pp. 
47-69.  “The  Non-indigenous  Species  of  the  Andaman  Flora,”  D. 
Prain,  in  the  Journal  of  the  Asiatic  Society  of  Bengal ,  lix.,  1890,  pp. 
235-261.  “A  List  of  Diamond  Island  Plants,”  D.  Prain,  in  op.  cit ., 
1891,  pp.  271-294. 
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6600  feet  above  the  bottom  of  the  sea,  but  nowhere  rising 
more  than  twenty  feet  above  the  level  of  the  sea ;  and  they 
are  only  120  to  180  miles  distant  from  the  mainland  of  India. 
Storm-waves  have  from  time  to  time  swept  away  half 
the  population  ;  yet  many  of  the  islands  are  still  inhabited, 
and  they  have  a  “human  history”  of  over  500  years. 
As  to  the  vegetation,  Dr.  Prain  enumerates  eighty  species 
of  vascular  plants,  including  only  two  ferns,  more  than 
half  of  which  have  probably  been  intentionally  introduced 
by  man  ;  many  others  accidentally,  and  only  a  small  re¬ 
mainder  reached  the  islands  independently  of  man.  Dr. 
Prain  concludes  his  very  careful  analysis  of  the  flora  with 
some  speculations  on  the  probable  origin  of  its  elements  in 
the  islands ;  and  he  suggests  that  fifty-six  species  were 
introduced  by  man,  eleven  by  the  sea,  two  by  birds,  and 
two  by  winds.  With  regard  to  the  coco-nut  palm,  he  is  of 
opinion  that  the  evidence,  both  intrinsic  and  extrinsic, 
indicates  that  its  appearance  in  the  Archipelago  preceded 
that  of  man.  Without  knowing  what  evidence  he  relies  on 
for  this  statement,  it  would  be  bold  to  reject  his  theory  ; 
but  if  it  can  be  satisfactorily  established  it  would  afford  an 
interesting  link  in  the  history  of  this  tree.  We  must 
dismiss  this  part  of  our  subject  with  a  brief  reference  to  the 
elaborate  description  and  tabulation 1  of  the  components  of 
the  vegetation  of  the  Coco  group — a  group  lying  im¬ 
mediately  to  the  north  of  the  Andamans.  The  total 
number  of  species  enumerated,  including  a  few  cellular 
cryptogams,  is  three  hundred  and  fifty-eight,  whereof 
seventy  are  set  down  as  cosmopolitan  in  the  tropics  ;  ten 
others  are  nearly  so  ;  forty-nine  are  more  or  less  widely 
spread  throughout  the  tropics  of  the  Old  World  ;  forty-one 
extend  from  South-Eastern  Asia  to  Australasia  ;  while  one 
hundred  and  eighty-eight  species  are  confined  to  South- 
Eastern  Asia.  The  species  are  distributed  among  two 


1  “  The  Vegetation  of  the  Coco  Group,”  D.  Prain,  in  the  Journal 
of  the  Asiatic  Society  of  Bengal  lx.,  1891,  pp.  283-406.  “  On  a 

Botanical  Visit  to  Little  Andaman  and  the  Nicobars,”  D.  Prain,  in 
the  Proceedings  of  the  Asiatic  Society  of  Bengal,  1891,  pp.  156-175. 
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hundred  and  sixty-eight  genera  and  ninety-five  natural 
orders.  Thirty-two  species  are  only  known  in  the  Anda¬ 
mans  elsewhere,  and  thirteen  are  apparently  confined  to 
the  Coco  group,  but  some  of  these  may  yet  be  found  to 
have  a  wider  range.  In  any  case  the  endemic  element  is 
small  and  exhibits  no  special  features.  Cocos  nucifera  is 
abundant  in  all  the  islands,  yet  the  author  of  the  paper 
from  which  we  are  citing  is  of  the  opinion  that  it  is  not 
indigenous,  and  he  is  inclined  to  believe  that  its  presence 
is  due  to  the  wreck  of  some  coco-nut-laden  craft  on  their 
coasts. 

Among  the  smaller  islands  of  the  Indian  Ocean 
botanically  investigated  within  the  last  decade  we  may 
name  Diego  Garcia  in  the  Chagos  Archipelago,  Krakatoa 
in  the  Sunda  Straits,  and  Christmas  and  Keeling  Islands 
off  the  western  coast  of  Java.1  In  the  early  accounts  of 
Diego  Garcia,  mention  is  made  of  gigantic  trees  ;  and  if 
such  ever  existed,  which  is  not  improbable,  they  were 
probably  Afzelia  bijuga  and  Cordia  subcordata.  When 
the  island  was  botanised  in  1885,  however,  only  a  few  small 
straggling.trees  were  left.  Forty-three  probably  indigenous 
species  of  vascular  plants  are  recorded  from  the  islands,  and 
nearly  all  of  them  are  common  in  Malaya  and  Polynesia. 
Not  one  of  these  is  endemic  ;  but  two  or  three  cellular 
cryptogams  are  described  as  new. 

The  new  flora  of  Krakatoa 2  is  one  of  the  most  instructive 
lessons  in  the  distribution  of  plants  that  actual  observation 
has  ever  furnished  ;  and  Dr.  Treub  understood  how  to 
describe  it  in  a  highly  attractive  form.  It  is  to  be  hoped 
that  he  has  been  able,  or  will  be  able,  to  follow  up  his 
investigations  begun  in  1886,  three  years  after  the  great 
catastrophe,  which  so  utterly  destroyed  the  previously 
existing  vegetation,  as  Dr.  Treub  assures  us,  that  no  living 
vegetable  was  left  on  the  ground  or  in  the  ground,  for  so 

1  “  Report  on  the  Botany  of  Diego  Garcia,”  W.  Botting  Hemsley, 
in  the  Journal  of  the  Linnean  Society ,  xxii.,  1886,  pp.  332-340. 

2  u  Notice  sur  la  Nouvelle  Flore  de  Krakatau,”  Treub,  in  Annates 
du  Jardin  Botanique  de  Buitenzorg ,  vii. ,  1888,  pp.  213-223. 
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much  of  the  island  as  was  left  after  the  great  volcanic 
eruption  was  covered  with  ash  of  such  intense  heat  as  to 
destroy  absolutely  all  vegetable  life.  The  substance  of  Dr. 
Treub’s  paper  has  already  been  given  in  English;1  there¬ 
fore  it  will  be  sufficient  to  mention  the  leading  facts. 
We  have  it  on  good  authority  that  the  whole  island  was 
covered  with  a  layer  of  burning  pumice-stone,  ranging  from 
one  metre  to  sixty  metres  in  thickness.  Further,  at  the 
time  of  Dr.  Treub’s  visit,  there  was  no  possibility  of  the 
new  flora  being  in  any  part  the  result  of  human  agency  ; 
and  the  composition  of  the  new  flora  was  such  as  to  preclude 
the  possibility  of  its  being  derived  either  from  the  former 
flora  of  the  island,  or  from  direct  or  indirect  introductions 
by  man.  Dr.  Treub  traces  the  new  vegetation  from  a  thin 
film  of  various  species  of  Lyngbya  and  other  Cynophycece , 
acting  chemically  on  the  pumice-stone  and  preparing  it 
for  a  fern  vegetation,  partially  succeeded  at  that  date 
already  by  a  number  of  flowering  plants.  About  a  dozen 
species  of  ferns  had  established  themselves,  and  some  of 
them  were  abundant,  whereas  the  flowering  plants  were 
limited  to  a  few  scattered  individuals.  The  seeds  of 
various  common  littoral  plants  were  observed  on  the 
shore,  and  a  few  young  plants  of  Erythonia  sp.,  Calo- 
phyllum  I  nop  hy  llum ,  Cerbera  O  do  llam ,  Hernandia  sonora , 
Ipomoea  bilob  a,  and  two  or  three  others,  all  of  which, 
doubtless,  owed  their  presence  mainly  to  the  action  of 
the  waves.  The  few  plants  found  on  the  mountainous 
interior  were,  with  the  exception  of  one  grass,  Gymnathrix 
elegans  and  Sccevola  Kcenigii ,  of  different  species,  the  seeds 
of  which  were  conveyed  by  wind  or  birds.  Four  out  of 
eight  were  composites,  two  grasses,  and  the  other  two 
Sccevola  Koenigii  and  Tournefortia  argentea.  It  may  be 
added  that  the  island  is  distant  ten,  twenty,  and  twenty-one 
geographical  miles  from  the  islands  of  Sibesie,  Sumatra  and 
Java  respectively,  the  nearest  points  on  which  there  was 
vegetation. 


1  “  The  New  Vegetation  of  Krakatoa,”  W.  B.  Hemsley,  Nature , 
xxxviii.,  1888,  p.  344. 
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Christmas  Island1  is  situated  about  200  miles  off  the 
west  coast  of  Java,  from  which  it  is  separated  by  a  sea 
bottom  some  14,500  feet  deep.  It  is  about  twelve  miles 
across  in  its  greatest  diameter ;  rises  to  an  altitude  of 
1 200  feet,  and  is  covered  with  a  luxuriant  vegetation, 
including  lofty  buttressed  trees  of  colossal  size.  The  total 
number  of  species  collected  by  Mr.  Lister,  and  the  officers 
of  H.M.S.  Egeria ,  consisted  of  fifty-five  phanerogams, 
seventeen  vascular,  and  eight  cellular  cryptogams  ;  but  it 
is  probable  that  a  thorough  botanical  exploration  would 
yield  more  than  double  the  number  of  vascular  plants,  to 
say  nothing  of  cellular  cryptogams.  Several  species  are 
described  as  new,  but  until  the  flora  of  Java  and  the 
neighbouring  islands  is  better  known,  it  would  be  hazardous 
to  assume  that  they  are  really  endemic.  The  supposed 
novelties  include  two  ferns,  two  orchids,  and  a  palm — 
Arenga  Listeri. 

Passing  to  the  Keeling  or  Cocos  Islands,  some  five 

o  O 

hundred  miles  westward  in  the  open  sea,  we  meet  with  a 
very  different  flora — the  flora  of  low  coral  islands.  This 
is  classic  ground  ;  for  it  was  here,  in  1836,  that  Darwin 
collected  many  facts  afterwards  utilised  in  his  great 
works.  He  was  followed  by  H.  0.  Forbes  in  1878,  and 
H.  B.  Guppy  in  1888. 2 3  The  latter  gentleman  spent  ten 
weeks  in  the  islands,  and  succeeded  in  adding  considerably 
to  what  was  previously  known  of  that  element  of  the  vege¬ 
tation  which  it  is  believed  reached  the  islands  without  the 
direct  or  indirect  aid  of  man.  Moreover,  he  critically  ex¬ 
amined  the  vegetable  drift,  which  is  often  cast  ashore  on 
these  islands  in  great  abundance,  in  relation  to  the  germina¬ 
tion  of  the  seeds  contained  therein  and  the  colonisation  of 

1  “  Report  on  the  Botanical  Collections  from  Christmas  Island,” 
W.  Botting  Hemsley,  in  the  Journal  of  the  Limiea?i  Society ,  xxv.,  1890, 

PP-  35i-362- 

3  “  The  Dispersal  of  Plants,  as  Illustrated  by  the  Flora  of  the  Keeling 
or  Cocos  Islands,”  a  paper  read  at  the  Victoria  Institute,  H.  B.  Guppy, 
Feb.  3,  1890.  N.B. — This  paper  was  not  published,  but  the  writer  of  the 
present  article  was  permitted  to  use  it,  and  he  gave  the  substance  of  it  in 
Nature ,  xli . ,  pp.  491-492. 
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plants  by  this  means.  In  this  way  he  collected  a  number 
of  most  interesting  facts,  which  he  supplemented  by  experi¬ 
ments  on  the  spot  with  seeds  that  he  kept  in  sea-water  for 
thirty,  forty  or  fifty  days  ;  many  of  which  germinated  freely. 
He  observed  large  numbers  of  drift-seeds  sprouting  ;  but 
few  of  these  escaped  destruction  by  crabs.  He  also  brought 
away  a  large  number  of  seeds,  with  which  he  has  since  ex¬ 
perimented,  and  made  the  results  known  to  the  writer.  We 
may  give  one  example  :  Seeds  of  Ipomoea  grandiflora  col¬ 
lected  in  the  Keeling  Islands  in  September,  1888,  were  kept 
dry  until  June,  1890,  and  then  placed  in  sea-water  until 
June,  1891,  when  they  were  subjected  to  conditions  favour¬ 
able  to  germination,  which  followed  with  vigorous  after¬ 
growth.  One  plant  thus  reared  is  still  growing  at  Kew. 
From  time  to  time  Mr.  Guppy  has  sent  the  writer  various 
germinating  seeds  that  had  been  subjected  to  similar  con¬ 
ditions.  Experiments  with,  and  observations  on,  the  ger¬ 
mination  of  the  coco-nut,  go  to  prove  that  it  can  rarely 
establish  itself  from  drift-seeds,  especially  where  there  are 
crabs.  And  it  should  be  mentioned  that  the  instance  re¬ 
corded  1  of  a  growing  coco-nut  on  the  recently  upheaved 
Falcon  Island,  in  the  Tonga  group,  was  not,  as  was  at  first 
supposed,  the  result  of  accident ;  for  it  has  since  been  ascer¬ 
tained  that  a  chieftain  of  one  of  the  neighbouring  islands 
actually  planted  the  seeds. 


W.  Botting  Hemsley. 


1  W.  Botting  Hemsley,  in  Nature ,  xli.,  p.  537. 
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DURING  the  last  two  or  three  decades,  the  study  of 
fossil  plants  has  been  gradually  tending  towards 
the  point  at  which  its  importance  is  acknowledged  by 
botanists  and  geologists.  Even  now  there  are  many 
botanists  who  have  little  faith  in  the  possibilities  of  palseo- 
botany  as  an  aid  to  the  elucidation  of  important  botanical 
problems  ;  and  among  geologists  it  is  the  rule  to  attach 
extremely  little  weight  to  the  evidence  of  fossil  plants  in 
stratigraphical  questions.  This  scant  recognition  of  the 
value  of  such  a  science  is  easily  understood  if  we  consider 
the  nature  of  the  materials  with  which  a  palseobotanist 
has  to  deal.  The  field  geologist  is  familiar  with  the  forms 
in  which  plant  fragments  most  commonly  occur  in  stratified 
deposits,  and,  at  the  same  time,  he  is  aware  of  the  rashness 
not  infrequently  displayed  in  the  determination  of  species 
from  the  most  imperfect  data. 

It  is  true  that  fossil  plants  cannot  compare  with  fossil 
animals  as  indices  of  geologic  age  in  the  majority  of  cases  ; 
this  is  partly  because  the  sedimentary  strata  of  the  earth’s 
crust  are  usually  richer  in  marine  than  land  organisms,  and 
in  part  because  the  skeletons  of  animals  are  obviously  more 
likely  to  occur  as  useful  records  than  the  imperfect  frag¬ 
ments  of  land  vegetation.  There  are  those  strata,  however, 
in  which  the  fossils  are  largely  or  almost  entirely  of  a 
plant  nature.  In  the  hands  of  specialists  such  fossils  may 
be  used  with  a  considerable  measure  of  success  in  com¬ 
parative  stratigraphy. 

No  one  has  displayed  a  greater  zeal  in  combating  the 
practice  of  building  up  specific  diagnoses  on  the  merest 
fragments  of  badly  preserved  plants  than  Prof.  Williamson. 
We  recognise  the  worthlessness  of  many  such  determina¬ 
tions,  and  appreciate  the  dangers  frequently  involved  in 
assigning  generic  and  specific  names  to  fossil  plants  ;  but 
we  can  still  point  to  striking  instances  of  the  utility  of  such 
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fossils  in  cases  where  conclusions  have  been  drawn  from 
the  general  facies  of  a  flora,  and  not  from  a  few  frag¬ 
mentary  relics  of  individual  forms. 

Recent  monographs  on  the  geologic  floras  of  special 
districts,  especially  of  Carboniferous  or  Permo-Carboni¬ 
ferous  age,  afford  the  working  geologist  valuable,  and  in 
the  main  reliable,  guides  in  his  study  of  comparative 
geology.  We  cannot  help  thinking  that  the  time  has  come 
for  a  much  wider  application  of  the  teaching  of  fossil 
botany,  especially  in  such  problems  of  stratigraphy  where 
plant  remains  constitute  by  far  the  most  abundant  material 
at  the  disposal  of  the  geologist ;  and  in  cases  where  zoology 
and  botany  contribute  almost  equally  to  the  fossil  contents 
of  rocks,  the  botanical  specimens  may  be  used  with  con¬ 
siderable  advantage  as  confirmatory  or  even  corrective 
evidence  by  the  side  of  fossil  animals. 

Botanists  have  long  hinted  that  palaeontological  study 
ought  to  throw  light  on  general  questions  of  morphology, 
but  until  recent  times  they  have  seldom  made  any  serious 
attempt  to  bring  under  contribution  the  contents  of  plant¬ 
bearing  strata.  It  is  only  within  the  last  few  years  that 
fossil  botany  has  come  to  be  regarded  by  working  botanists 
as  a  subject  to  which  it  would  not  be  altogether  hopeless  to 
turn  for  definite  information  and  helpful  suggestion.  No 
doubt  the  publication  in  1887  of  Count  Solms-Laubach’s 
Einleitung  in  die  Palaophytologie  gave  a  stimulus  to  those 
who  wished  to  extend  their  observations  beyond  the  limits 
of  the  present  age.  At  the  same  time,  this  comprehensive 
treatise  formed  a  much  needed  guide  in  giving  some  kind 
of  order  to  the  great  mass  of  isolated  contributions  to  fossil 
botany,  and,  by  its  cautious  criticisms  of  conflicting  views, 
it  has  enabled  the  botanist  to  approach  with  more  confi¬ 
dence  a  department  of  his  subject  which  he  has  hitherto 
almost  ignored. 


Since  the  days  when  microscopy  was  first  applied  to 
the  minute  study  of  fossil  plants,  material  has  been  gradu¬ 
ally  accumulated,  and  dealt  with  in  such  a  manner  that 
at  length  the  vital  importance  of  the  study  has  been  more 
widely  recognised,  and  the  surprisingly  perfect  state  of 
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preservation  of  many  of  the  extinct  plants  has  become 
more  generally  known  and  appreciated.  If  we  turn  to  the 
numerous  memoirs  by  Prof.  Williamson,  “  On  the  Organi¬ 
sation  of  the  Fossil  Plants  of  the  Coal-Measures,”  which 
have  appeared  in  the  Philosophical  Transactions  from  1871 
to  the  present  time,  we  find  there  a  wonderful  wealth  of 
material  which  has  steadily  increased,  and  from  the  in¬ 
vestigation  of  which  many  of  the  lacunae  in  the  necessarily 
imperfect  records  of  palaeozoic  botany  have  been  gradually 
filled  in. 

Already  the  stage  has  been  reached  at  which  it  is 
possible  to  gather  up  the  descriptions  of  isolated  speci¬ 
mens,  and  to  obtain  from  them  a  surprisingly  complete 
picture  of  several  types  of  extinct  plants.  Unfortunately 
it  is  too  much  to  expect  that  we  can  ever  be  in  possession 
of  the  complete  life-histories  of  these  extinct  forms  ;  it  is 
almost  hopeless  to  look  for  information  as  to  the  earliest 
stages  of  development  of  such  ancestral  types.  Still  we 
venture  to  think  it  is  not  too  much  to  expect,  that  the 
almost  perfect  state  of  preservation  in  which  palaeozoic 
plants  are  occasionally  found  may  yield  something  more 
than  negative  results  even  in  questions  of  development. 

In  the  contributions  to  this  journal  dealing  with  fossil 
botany,  it  will  be  the  object  of  the  writer  to  attempt  a 
periodic  survey  of  some  of  the  more  important  and  most 
recent  contributions  to  palaeobotanical  knowledge  which 
may  prove  useful  to  botanists  and  geologists. 

Those  publications  which  are  spoken  of  in  the  present 
notice  have  appeared  during  the  year  1893,  and  for  the 
most  part  during  the  latter  half  of  the  year  ;  but  it  has  been 
thought  better,  in  this  first  article,  not  to  confine  our  re¬ 
trospect  within  the  strict  limits  of  the  last  six  months  of 
1893,  but  to  draw  attention  to  such  recent  works  as  have 
materially  contributed  to  the  progress  of  the  science.  At 
the  end  of  each  article  there  will  be  appended  a  list  of 
most  of  those  contributions  to  fossil  botany  which  have 
appeared  during  the  interval  between  each  review  of 
recent  literature.  Geological  succession,  rather  than 
botanical  affinity  or  authorship,  will,  as  far  as  possible, 
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determine  the  order  of  treatment  of  the  matter  passed 
in  review. 

Any  additions  to  our  knowledge  of  the  floras  of  pre¬ 
coal-measure  times  are  especially  valuable  :  their  value  is 
increased  by  the  fact  that  we  are  still  very  ignorant  of 
the  true  nature  of  the  vegetation  anterior  to  the  Upper 
Carboniferous  period,  and  also  because  of  the  great  import¬ 
ance  of  extending  our  retrospect  as  far  back  as  possible 
towards  the  earliest  phases  of  plant  evolution. 

The  list  of  undoubted  fossil  plants  from  strata  older 
than  the  Devonian  period  is  an  exceedingly  small  one. 
In  the  case  of  the  earliest  records  of  plant  fossils  there  are 
always  certain  forms  which  are  of  no  botanical  value,  and 
which  have  little  or  no  claim  to  occupy  a  place  in  the  vege¬ 
table  kingdom. 

Since  1878,  the  genus  Glyptodendron  of  Claypole1  has 
frequently  been  quoted  as  a  Silurian  plant,  resembling 
a  Lepidodendron  in  its  surface  markings.  Now  it  appears 
we  may  consider  Claypole’s  genus  as  in  all  probability 
a  fragment  of  a  Silurian  Cephalopod,  and  not  a  plant. 
This  conclusion  has  been  arrived  at  by  Mr.  Foerste2 
after  a  thorough  examination  of  the  type  specimen,  and  a 
comparison  of  it  with  some  Cephalopods  from  the  Clinton 
limestone  which  have  certain  surface  markings  apparently 
identical  with  the  “  scars”  of  Glyptodendron.  Strong  con¬ 
firmation  of  these  views  is  expressed  in  a  footnote  by 
Claypole,  who  considers  that  Foerste  has  made  out  a  good 
case  against  the  existence  of  fossil  plants  of  Clinton  age  in 
Ohio. 

In  recent  years  the  microscopic  examination  of  sedi¬ 
mentary  rocks  has  been  to  a  certain  extent  revived,  and 
some  of  the  results  obtained  are  of  great  interest  with 
regard  to  the  part  played  by  vegetable  organisms  in  the 
process  of  rock- building.  Mr.  Wethered’s  researches  have 

1  Geo L  Mag.,  Dec.,  ii.,  vol.  v.,  1878,  p.  558. 

2  American  Geologist ,  vol.  xii.,  1893,  p.  133.  Mr.  A.  H.  Foord  tells 
me  that  the  Glyptodendron- like  pattern  represented  by  Foerste  on  the 
Crytoceras  must  be  some  encrusting  foreign  matter,  and  not  a  part  of 
the  Cephalopod  shell. 
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done  much  to  direct  attention  to  the  existence  of  the  prob¬ 
lematic  Girvanella  in  many  British  limestones.  In  his  most 
recent  communication  1  on  this  subject  the  author  speaks  of 
the  discovery  of  new  and  interesting  forms  of  this  alga  (?), 
and  of  its  share  in  the  composition  of  the  Wenlock  lime¬ 
stone.  Mr.  Wethered’s  paper  should  be  consulted  for  a 
fuller  account  of  Girvanella ,  and  for  references  to  other 
papers  treating  of  this  widespread  fossil.2 

Passing  on  to  the  Devonian  period,  we  may  briefly 
notice  two  contributions  from  Prof.  Penhallow  on  certain 
plants  from  Canada.  In  the  first  of  these3  he  gives  brief 
descriptions  and  photographic  reproductions  of  a  number 
of  plant  fragments,  which,  in  themselves  of  no  particular 
botanical  interest,  are  worthy  of  record  as  characteristic 
fossil  plants  which  may  possibly  be  assigned  to  the  class 
Algce.  The  specimens  described  are  in  the  form  of  struc¬ 
tureless  carbonaceous  impressions,  and  as  such  are  by  no 
means  perfect.  The  author  of  the  paper  has  followed 
previous  writers  in  giving  expression  to  a  resemblance  in 
form,  detected  in  the  fossil  species,  to  the  vegetative  parts 
of  recent  algal  genera,  by  adopting  such  names  as  Halise- 
rites  and  Dictyotites  ;  it  would  probably  be  better,  certainly 
much  safer,  to  adopt  some  less  committal  genus  indicative 
of  algal  affinities,  and  not  such  names  as  are  based  on 
mere  external  resemblances  of  vegetative  structures. 

The  second  contribution4  deals  with  the  problematical 
genus  Nematophycus  ;  some  figures  are  given  of  microscopic 
sections  which  clearly  demonstrate  a  much  less  perfect  state 
of  preservation  than  we  are  familiar  with  in  previously 
described  specimens  of  this  genus.  Penhallow’s  opinion, 
that  Dawson’s  genus  Celluloxylon 5  should  be  included  in 
Carruthers’  Nematophycus ,  receives  confirmatory  evidence  ; 
he  brings  forward  proof  that  in  certain  cases  the  structure 


1  Quart.  Jour n.  Geol.  Soc .,  vol.  xlix.,  1893,  p.  236. 

2  Ibid .,  p.  246. 

8  Proc.  U.S.  Nat.  Museum ,  vol.  xvi.,  1893,  p.  105. 

4  Ibid.,  p.  1 15. 

5  Quart .  Jour n.  Geol.  Soc.,  vol.  xxxvii.,  1881,  p.  302. 
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of  Nematophycus  has  been  replaced  in  the  process  of 
mineralisation  by  a  typical  Celluloxylon  structure. 

In  1850,  Goeppert  described  a  plant  stem  from  the 
Carboniferous  limestone  of  Falkenberg,  in  Silesia,  under 
the  name  of  Protopity s  Buchiano }  A  recent  number  of 
the  Botanische  Zeitung  contains  a  paper  by  Solms-Laubach1 2 
in  which  a  clear  case  is  made  out  for  the  removal  of 
Goeppert’s  plant  from  the  Conifercz ,  in  which  it  was 
originally  placed,  to  the  Pteridophyta.  Most  of  the  frag¬ 
ments  of  Protopitys  which  have  their  minute  structure 
preserved  are  small  pieces  of  secondary  wood ;  by  the 
examination  of  these  and  some  few  more  complete  ex¬ 
amples,  Count  Solms  has  been  able  to  demonstrate  the 
following  anatomical  details.  The  secondary  xylem  shows 
the  general  character  of  coniferous  wood ;  regularly  disposed 
rows  of  polygonal  pitted  tracheids,  with  fairly  numerous 
medullary  rays  generally  one  cell  and  sometimes  two  or 
three  cells  deep.  The  pits  in  the  tracheid  walls  suggest 
a  form  intermediate  between  the  usual  bordered  pits  of 
conifers  and  the  scalariform  pits  of  fern  tracheids.  The 
secondary  wood  on  careful  microscopic  examination  shows 
no  indication  of  annual  rings.  As  frequently  happens  in 
fossil  plants,  the  transverse  section  of  a  stem  shows  distinct 
concentric  lines  suggestive  of  ordinary  rings  of  growth,  but 
these  on  higher  magnification  are  found  to  be  simply  the 
expressions  of  disturbances  in  the  elements  of  the  xylem. 

In  the  pith  some  very  interesting  features  are  recorded  ; 
instead  of  the  normal  plan  in  which  the  primary  medullary 
rays  terminate  in  the  cells  of  the  pith,  there  is  a  closed 
central  strand  which  is  parenchymatous  in  the  central  part, 
and,  at  the  periphery,  is  composed  of  irregularly  arranged 
tracheal  elements.  A  transverse  section  of  the  pith  shows 
an  elliptical  form  with  two  ear-shaped  swellings  at  the  ends 
of  the  major  axis.  The  tracheal  sheath  surrounding  the 
parenchymatous  centre  consists  of  one  to  three  rows  of 

1  Monograph.  Foss.  Conif.,  p.  229.  PI.  xxxvii.,  figs.  4-7.  PI.  xxxviii., 
figs.  1,  2. 

2  Bot.  Zeitung,  Heft  12,  1893,  p.  197. 
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elements,  except  at  the  auriculate  swellings  where  its  thick¬ 
ness  increases.  This  sheath  of  tracheal  elements  occurs, 
therefore,  between  the  radially  arranged  tracheicls  of  the 
secondary  xylem  and  the  central  axis  of  the  stem;  its 
tracheae  are  distinguished  from  those  of  the  secondary 
xylem  by  a  scalariform  pitting  and  larger  diameter. 

By  an  examination  of  a  series  of  transverse  and  longi¬ 
tudinal  sections,  Solms  made  out  that  from  the  two  ends 
of  the  major  axis  bundles  of  primary  tracheae  become  de¬ 
tached  from  the  elliptical  sheath,  and  pass  off  to  supply 
certain  lateral  appendages  arranged  alternately  in  two 
vertical  rows.  The  conclusion  is  arrived  at  that  the  ap¬ 
pendages  are  of  the  nature  of  leaves,  and,  in  the  stem 
sections  described,  the  scars  left  by  the  fallen  leaves  have 
been  completely  covered  over  by  a  development  of  second¬ 
ary  wood  subsequent  to  the  leaf-fall.  The  cortex  is  rarely 
preserved  ;  the  plane  of  the  Cambium  in  one  of  the  figured 
sections  being  occupied  by  a  layer  of  calc-spar  ;  externally, 
the  Cambium  is  followed  by  alternating  bands  of  pitted 
sclerenchymatous  tissue  and  crushed  thin-walled  elements, 
probably  representing  bands  of  hard  and  soft  bast ;  the 
thick-walled  cells  are,  however,  isodiametric  and  not  fibrous 
in  form. 

In  speaking  of  the  affinities  of  this  plant  the  author  of 
the  paper  naturally  lays  stress  on  the  primary  tracheal 
sheath  as  a  character  which  at  once  separates  Protopitys 
from  Gymnosperms  and  Calamariece ;  on  the  other  hand, 
it  shows  a  resemblance  to  such  plants  as  Sigillaria .  and 
Lyginodendron ,  especially  Lyginodendron  O Idhammm  Will. 
The  differences  between  Protopitys  Buchianci  Goepp.  and 
Lyginodendron  Oldhamimn  are  sufficiently  numerous  to 
warrant  the  institution  of  a  new  family,  the  Protopityece. 
The  sole  representative  genus  affords  another  example  of  a 
synthetic  type  of  plant  in  which  there  appear  characters 
intermediate  between  the  Filicinece  and  Gymnosperms, 
indicating  the  descent  of  these  two  classes  of  plants  from 
an  original  ancestral  group. 

Passing  to  Upper  Carboniferous  times  there  are  several 
contributions  to  be  noticed  of  exceptional  interest. 
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In  the  first  place,  with  regard  to  the  genus  Lepidoden- 
dron.  The  last  memoir  by  Prof.  Williamson1  enables  us 
to  fill  in  various  gaps  in  our  knowledge  concerning  the 
connection  between  certain  external  features  and  internal 
structure  in  species  of  L epidodendrece. 

The  well-known  species  Lepidodendron  Harcourtii 
Brong.  represents  a  particular  form  of  the  genus  in  which, 
as  yet,  no  traces  have  been  found  of  a  development  of 
secondary  xylem,  such  as  characterises  the  central  stele  of 
other  examples  of  Lepidodendron.  Williamson’s  latest  con¬ 
tributions  to  our  knowledge  of  this  species  are  chiefly 
concerned  with  the  outermost  cortical  tissues,  the  leaves 
and  leaf-traces.  The  leaf-traces  arise  as  groups  of  tracheal 
elements  which  become  detached  from  regularly  placed 
projections  on  the  outer  side  of  the  primary  tracheal  cylinder 
(“  corona”  of  Bertrand)  ;  each  trace  is  double,  and  consists 
of  a  small  group  of  tracheids  with  hard  and  soft  bast,  of 
which  the  former  is  frequently  preserved  ;  the  bundles  were 
probably  of  the  collateral  type.  As  each  leaf-trace  reaches 
the  outer  part  (“  prosenchymatous  zone”)  of  the  cortex  of 
the  stem  a  new  structure  becomes  closely  associated  with 
it :  a  tangential  section  of  a  trace  at  this  stage  of  its  course 
towards  a  leaf  shows,  immediately  above  the  tracheids,  a 
group  of  fairly  large  and  irregularly  arranged  cells,  consti¬ 
tuting  a  well-marked  structure,  to  which  Bertrand  has 
assigned  the  name  “  parichnos  ”. 

As  the  leaf-trace  continues  its  course  towards  a  leaf  the 
parichnos  divides  into  two  halves,  which  become  slightly 
separated  laterally  from  the  vascular  element  of  the  leaf- 
trace,  and  finally  appear  in  the  surface  view  of  a  leaf-scar 
as  two  dots  placed  one  on  either  side  of  the  central  vascular 
bundle  scar. 

In  a  well-preserved  Lepidodendron  stem  it  is  easy  to 
see  the  three  characteristic  marks  on  a  leaf-scar  ;  the  cen¬ 
tral  dot  has  for  some  time  been  referred  to  the  leaf-trace, 
but  the  nature  of  the  lateral  dots  has  remained  a  puzzle 
until  quite  recently,  and  even  now  it  is  impossible  to 

1  Phil.  Trans.)  vol.  clxxxiv.,  1893,  B,  p.  1. 
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definitely  determine  the  physiological  significance  of  the 
parichnos  tissue. 

These  two  parichnos  scars  occur  both  on  the  ordinary 
form  of  Lepidodendron  and  Sigillaria  leaf-scar,  as  well  as 
in  the  leaf-scar  of  Lepidophloios .  In  the  latter  genus, 
Potonie 1  has  recently  described  the  same  structures  ;  he 
compares  them  to  mucilage  canals  in  the  leaves  of  some 
Lycopodia ,  and,  more  especially,  to  “transpiration  strands,” 
analogous  to  the  tissue  at  the  base  of  some  fern  leaf-stalks, 
which  is  visible  at  the  surface  as  lentical  dots. 

In  a  Lepidodendron  leaf-cushion  there  are  occasionally 
seen,  immediately  below  the  leaf-scar,  two  small  elliptical 
areas,  the  real  nature  of  which  has  not  been  previously 
recognised.  Potonie  shows  by  a  longitudinal  section  of 
a  leaf-cushion  of  Lepidophloios  how  the  parichnos  tissue 
passes  from  the  leaf-scar  into  the  fundamental  tissue  of 
the  cushion,  and  in  the  latter  follows  a  course  just  below 
the  epidermal  tissue  ;  for  a  short  distance  the  epidermal 
cells  of  the  leaf-cushion  appear  to  be  partially  or  completely 
disorganised,  thus  leaving  the  parichnos  tissue  exposed 
at  the  surface.  This  surface  view  of  the  two  branches  of 
the  parichnos  is  represented  on  the  surface  of  a  leaf-base 
by  the  two  elliptical  marks  below  the  leaf-scar.  With 
regard  to  the  Lepidophloios  form  of  leaf-cushion,  there  has 
been  much  difference  of  opinion  as  to  whether  the  leaf-scar 
represents  the  lower  or  upper  surface  of  the  leaf-cushion. 
Williamson  and  others  consider  that  the  scar  should  be 
regarded  as  the  upper  end  ;  Potonie,  on  the  other  hand, 
places  it  at  the  lower  end,  and  brings  forward  certain  facts 
in  support  of  his  view  which  seem  to  be  of  considerable 
weight.2  In  addition  to  the  markings  already  mentioned 

1  Ber.  deutsch.  bot.  Ges  ,  Jahrg.  ii.,  Heft  5,  1893,  p.  319. 

2  The  specimen  figured  by  Potonie  was  originally  described  by  Weiss 
as  an  unusually  large  strobilus  (Solms-Laubach,  Fossil  Botany ,  p.  235). 
In  1890  ( Proc .  Ca?nb.  Phil.  Soc .,  vol.  vii.,  pt.  ii.,  p.  3)  I  published  a  note, 
with  rough  sketches,  in  which  the  real  nature  of  the  Berlin  specimen  was 
pointed  out.  Potonie,  in  confirming  my  opinion,  maintains — and,  I 
believe,  rightly — that  my  fig.  4  represents  the  leaf-cushions  and  scars 
wrong  side  uppermost  ( Zeitsch .  deutsch .  Geol.  Ges.,  Protokoll,  Mai,  1893). 
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on  the  Lepidodendroid  leaf-cushion,  there  is  frequently  a 
triangular  depression  immediately  above  the  upper  limit 
of  the  leaf-scar  ;  this  has  been  regarded  by  some  as  the 
position  occupied  by  a  ligule,  but  Williamson  does  not 
accept  this  view,  and  prefers  to  speak  of  the  structure 
which  appears  at  the  surface  of  the  cushion  in  the  form 
of  triangular  depression  as  the  “adenoid  organ”.1  It  is 
well  shown  in  some  of  Williamson’s  figures  of  Lepidoden- 
dron  H arcourtii  leaves ;  and  Potonie  also  figures  anq 
describes  the  same  structure,  and  accepts  the  suggestion  of 
its  lioular  nature.2 

o 

Another  important  question  on  which  light  is  thrown 
by  Williamson’s  memoir  is  the  connection  between  Halonia 
and  Ulodendron ;  Brongniart’s  original  distinction  between 
the  two  genera,  based  on  the  numerous  rows  of  quincuncially 
arranged  tubercles  in  the  former,  and  the  two  vertical  rows 
of  the  latter,  is  shown  to  be  no  longer  tenable.  In  both 
genera  the  tubercles  are  evidently  of  the  same  nature,  and 
represent  the  points  of  attachment  of  strobili.  In  some 
forms  of  Lepidodendroid  stems  the  strobili  were  sessile,3  in 
others  they  terminated  longer  or  shorter  leafy  axes  ; 4  in 
the  former  case,  the  base  of  the  strobilus  would  press 
against  the  surface  of  the  stem,  and  produce  a  pressure 
disc  such  as  we  are  familiar  with  in  typical  Ulodendron 
specimens.  If  the  strobili  were  not  adpressed  to  the  stem, 
there  would  be  no  pressure  disc  formed,  and  the  result 
would  be  the  Halonial  form  of  branch. 

Williamson’s  excellent  figures  and  descriptions  should 
be  consulted  for  a  fuller  account  of  this  interesting  ques¬ 
tion. 

Another  communication  from  Potonie 5  deals  with  the 

V 

1  Phil.  Trans.,  loc.  cit .,  p.  12. 

2  Since  this  was  written,  Prof.  Williamson  has  told  me  that  the 
figures  of  Lepidodendroid  leaf-cushions,  in  his  recent  memoir,  represent 
the  structures  in  an  inverted  position ;  his  interpretation  of  the  facts 
agrees,  therefore,  with  that  of  Potonie  and  others. 

*  Phil.  Trans.,  loc.  cit.,  pi.  vi.,  fig.  26  a. 

4  Ibid.,  pi.  v.,  fig.  27  a. 

h  Ber.  deutsch.  bot .  Ges.,  Jahrg.  ii.,  Heft  8,  1893,  p.  484. 
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nature  of  Halonia,  but  unfortunately  the  author  had  not 
seen  the  last  contribution  on  the  same  subject  by  Prof. 
Williamson. 

After  speaking  of  the  various  suggestions  as  to  the 
nature  of  Halonial  axes,  Potonie  expresses  his  belief  that 
such  structures  only  occur  in  connection  with  Lepidophloios , 
and  not  with  Lepidodendron  stems  :  he  suggests  the  ad¬ 
visability  of  re-examining  the  specimen  in  the  Leeds 
Museum  which  Williamson  figured  in  1883/  as  proving 
the  organic  continuity  of  Halonia  and  Lepidodendron. 
Another  addition  to  previously  incomplete  knowledge  is 
made  by  Williamson  with  regard  to  a  curious  form  of 
Lepidostrobus ,1 2 3  belonging  to  that  type  of  vegetative  axis 
named  by  him  in  1889, 3  Lepidodendron  Spenceri.  It  is 
shown  that  we  have  in  this  plant  not  only  a  well-defined 
form  of  stem  structure,  but  also  an  equally  well-marked 
type  of  strobilus  characterised  by  its  winged  spores  and 
other  peculiarities  of  structures. 

We  are  indebted  to  Prof.  Bower4  for  an  exceedingly 
interesting  account  of  a  species  of  Lepidostrobus , — L. 
Brownii  Schmp.  preserved  in  the  British  Museum,  and 
known  as  “  Brown’s  Cone  ”  ;  he  gives  a  detailed  descrip¬ 
tion  of  the  axial  structures,  and  dwells  at  length  on  certain 
features  characterising  the  well-defined  cortical  tissues. 
The  general  structure  of  the  stele  of  L.  Brownii  seems 
to  agree  fairly  closely  with  Lepidodendron  Williamsoni. 5 
Occupying  the  centre  of  the  strobilus  axis  is  a  parenchy¬ 
matous  pith  with  a  ring  of  primary  xylem  giving  off  leaf- 
traces  from  its  outer  crenulated  margin.  Surrounding 
this  cylinder  of  tracheids  Bower  describes  a  somewhat 
meagre  development  of  phloem,  and  draws  attention  to 
certain  cells  enclosing  the  whole  stele  which  exhibit 


1  Phil.  Trans.,  1883,  pt.  ii.,  pi.  xxxiv. 

2  Ibid.,  1893,  B,  p.  24. 

3  Ibid.,  vol.  clxxx.,  1889,  B,  p.  199. 

4  Anna/s  Bot.,  vol.  vii.,  1893,  p.  329. 

5  Solms-Laubach,  Fossil  Botany,  p.  226. 
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structural  details  suggestive  of  an  endodermis.1  The  leaf- 
traces,  probably  collateral  in  form,  are  followed  in  their 
course  from  the  xylem  cylinder  to  the  outer  cortex  ;  and 
it  is  shown  how  the  tissues  composing  the  inner  cortical 
zone  become  gradually  more  lax  towards  the  periphery, 
and  finally  give  place  to  a  wide  space  in  which  the 
leaf-traces  appear  as  isolated  groups  of  tissue.  The  cells 
of  the  inner  cortex  surrounding  each  trace  become 
elongated,  and  gradually  separate  from  one  another  in 
the  form  of  trabeculae  as  we  pass  to  the  more  loosely 
arranged  part  of  the  cortex.  In  the  middle  cortex  the 
bundles  appear  to  be  surrounded  by  a  few  layers  of 
parenchymatous  cells,  and  have  the  form  of  isolated 
strands,  in  consequence  of  the  formation  of  a  wide 
space  in  the  middle  zone  of  the  cortex.  Towards  the 
apex  of  the  strobilus,  the  median  cortical  space  becomes 
narrower  and  bridged  across  by  trabeculae,  which  stretch 
from  the  outer  and  inner  tissues  of  the  cortex  to  the  several 
leaf-trace  bundles.  Bower’s  figures  show  a  very  striking 
resemblance  between  the  central  stele  of  Psilotum  and  that 
of  Lepidostrobus  Brownii ;  the  parenchyma  of  the  pith  in 
the  fossil  specimen  is  more  like  the  corresponding  tissue 
occupying  the  axis  of  Tmesipteris ,  than  the  sclerenchymatous 
elements  in  the  pith  of  Psilotum ,  thus  affording  “a  most 
interesting  example  of  cross  correspondence”.  There  is 
also  a  detailed  comparison  instituted  between  the  cortex  of 
Lepidostrobus  Brownii  and  other  species  of  Lepidodendron 
with  various  forms  of  Lycopodium  and  Selaginella ;  it  is 
stated  that  the  several  types  of  structure  met  with  among 
fossil  forms  may  be  “matched  by  similar  characters  in 
living  forms  of  close  alliance  ”.2  After  speaking  of  the 
trabecular  tissue  in  the  cortex  of  extinct  and  recent  forms, 
Bower  adds,  with  reference  to  Selaginella ,  that  “  the 
trabecular  development  in  Selaginella  is  a  specialised  and 
more  definite  example  of  that  lacunar  development  which 

1  Cf  Hovelacque,  M.  Soc.  Linn.  Normandie ,  vol.  xvii.,  1892,  figs. 
11  and  12,  pp.  50  and  52. 

2  Annals  Bot .,  vol.  vii.,  p.  348. 
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appears  in  such  various  forms  and  positions  in  cortical 
tissues  of  various  other  Lycopodinous  plants”.1 

To  quote,  in  conclusion,  one  more  sentence  from  this 
paper:  “All  these  considerations  serve  to  draw  the 
Lycopodinous  plants  of  the  present  and  the  past  more 
closely  together  as  a  natural  family,  while  it  is  interesting 
to  note  that  the  lines  of  similarity  as  regards  structure, 
form,  heterospory  and  details  of  sporangia  do  not  focus 
themselves  specially  between  any  two  genera,  but  are  such 
as  to  suggest  complex  cross-relationship  between  the  several 
representatives  of  this  very  natural  series  ”.2 

It  frequently  happens  that  in  cases  where  we  have 
been  able  to  learn  a  good  deal  from  specimens  showing 
internal  structure,  about  the  histological  characters  of 
Coal-Measure  plants,  we  are  left  without  any  precise 
acquaintance  with  the  external  appearance  of  the  plants 
to  which  the  mineralised  fragments  belonged.  From  time 
to  time,  however,  additional  specimens  are  brought  to  light 
which  enable  the  palaeobotanist  to  arrive  at  a  fairly  complete 
idea,  not  only  of  the  histological  characters  but  also  of  the 
gross  anatomy,  of  individual  species.  A  recent  communi¬ 
cation  from  Prof.  Zeiller  of  Paris  affords  an  exceptionally 
interesting  case  in  point.3 

In  1871,  Williamson  published  a  description  of  a  strobilus 
from  the  Lancashire  Coal-Measures,  to  which  he  gave  the 
name  of  Volkmannia  Dawsoni ,  at  the  same  time  suggesting 
a  probable  affinity  to  Asterophyllites  or  Sphenophyllum . 4 

In  1884,  the  late  Prof.  Weiss  of  Berlin  proposed  to 
substitute  for  Volkmannia  Binney’s  genus  Bowmannites ,5  a 
proposal  which  is  accepted  by  Williamson  in  his  memoir  of 
1890.6  Again,  in  1891, 7  we  have  a  much  more  complete 

1  Annals  Bot loc.  cit .,  p.  349. 

2  Loc .  cit. ,  p.  351. 

3  Mem.  Soc.  Geol .,  France.  Pal.  Mem.  ii.,  1893. 

4  Man.  Lit.  Phil. ,  Manchester,  vol.  v\,  series  iii.,  1871,  p.  28. 

5  Abh.  geol  Specialkarte  Preuss .,  v.,  p.  286. 

6  Phil.  Trans.,  vol.  clxxxi.,  1890,  B,  p.  99. 

7  Ibid vol.  clxxxii.,  1891,  B,  p.  255. 
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description  of  this  strobilus  by  the  same  writer,  and,  follow¬ 
ing  this,  Zeiller1  published  a  note  in  the  Comptes  Rendus, 
in  which  he  points  out  the  very  close  resemblance  between 
certain  specimens  of  Sphenophyllum  cuneifolium  and  Bow- 
mannites  Dawsoni.  In  a  short  account  of  Sphenophyllum 
in  Nature ,  1892,  Williamson  agrees  with  Zeiller  as  to  the 
probable  identity  of  Bowmannites  and  Sphenophyllum .2 
Finally,  in  1893,  Zeiller  reviews  the  whole  case,  and  demon¬ 
strates  by  a  series  of  exceedingly  successful  photographs, 
and  his  usual  clearness  of  description,  the  very  striking  cor¬ 
respondence  between  the  English  specimens,  with  their 
clearly  preserved  structure,  and  the  French  and  Belgian 
specimens  of  Sphenophyllum  strobili.  Want  of  space  does 
not  allow  of  a  complete  abstract  of  Zeiller’s  concise  descrip¬ 
tion  of  the  histology  of  Bowmannites ,  as  interpreted  by  Prof. 
Williamson. 

In  Bowmannites  Dawsoni  we  have  a  central  axis  bearing 
verticils  of  bracts  ;  the  bracts  of  each  whorl  are  fused  to¬ 
gether  at  the  base  in  the  form  of  a  continuous  “nodal  disc,’’ 
the  free  portions  of  the  disc  being  prolonged  obliquely  up¬ 
wards  for  two  or  three  internodes.  Between  the  verticils 
there  occur  numerous  sporangia  arranged  in  a  multiseriate 
manner,  in  such  a  way  that  they  form  a  series  of  circles 
arranged  round  the  axis  of  the  strobilus.  The  rings  of 
sporangia  are  not  concentric,  but  the  centre  of  each  suc¬ 
cessive  circle  reaches  a  higher  level  on  the  axis  of  the  stro¬ 
bilus,  the  height  increasing  with  the  increase  in  length  of 
the  radius  of  each  circle.  The  sporangia  are  ovoid  in  form, 
and  each  is  supported  at  the  tip  of  a  slender  pedicel  which 
is  given  off  from  the  upper  surface  of  the  “  nodal  disc  ”  ;  at 
the  point  of  junction  of  each  pedicel  with  its  sporangium, 
the  cells  of  the  former  increase  somewhat  in  size,  and  ap¬ 
pear  to  constitute  a  group  of  specialised  cells  analogous  to 
the  annulus  of  fern  sporangia.  The  spores  are  of  one  kind, 
and  present  a  characteristic  surface  appearance  due  to  the 
presence  of  slightly  projecting  and  anastomosing  ridges.  As 

1  Compt.  Rend.,  vol.  cxv.,  1892,  p.  141. 

2  Nature,  vol.  xlvii.,  p.  11. 
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regards  the  central  axis  of  the  strobilus,  its  structure  closely 
corresponds  to  the  stele  of  Sphenophyllum  as  described  by 
Renault1  and  Williamson.2 3 

Zeiller’s  figures  and  comparative  measurements  admit 
of  no  doubt  as  to  the  identity  of  B.  Dawsoni  and  Spheno- 
phyllum  cuneifolium  (Sternb.)  var.  saxifrage? folium.  It  is 
now  generally  admitted  that  the  great  variation  in  the  form 
of  Sphenophyllum  leaves,  from  the  broad  wedge-shaped 
and  multi-nerved,  to  the  narrow  and  linear-lanceolate, 
single-nerved  form,  is  simply  a  proof  of  the  dimorphic 
character  of  some  examples  of  the  genus.  As  Zeiller 
points  out,  there  are  still  some  points  to  be  cleared  up  with 
reference  to  the  structure  of  the  Sphenophyllum  strobili. 
In  1876  Renault  suggested  that  Sphenophyllum  was  he- 
terosporousZ  Zeiller  has  examined  Renault’s  silicified 
specimens,  and  concludes  that  they  furnish  no  trustworthy 
evidence  on  which  to  base  such  a  statement. 

After  considering  examples  of  those  species  of  Spheno¬ 
phyllum  of  which  the  strobili  are  known,  Zeiller  goes  on  to 
discuss  the  question  of  botanic  affinity.  There  is  a  striking 
similarity  between  the  ovoid  sporangia  of  Sphenophyllum , 
supported  on  their  slender  pedicels,  and  the  sporocarp  of 
Marsilia ,  especially  such  a  species  as  M.  pubescens  Tenore, 
in  which  the  pedicel  is  adnate  to  the  sporocarp  for  about 
half  its  length.  In  Sphenophyllum  the  pedicel  is  traversed 
by  a  vascular  bundle,  and  arises  from  the  ventral  face  of  a 
bract,  either  in  its  axil  or  at  a  greater  or  less  distance  from 
the  axis  of  the  strobilus  ;  in  Marsilia  the  pedicel  is  a  ventral 
lobe  of  a  leaf,  and  is  detached  from  the  leaf-petiole  either  at 
its  base  or  some  little  distance  above  it.  In  Sphenophyllum 
each  pedicel  bears  one  sporangium  :  in  Marsilia  each  pedicel 
represents  a  foliar  limb  folded  in  two  halves,  in  each  of  which 
are  several  sporangia.  Possibly,  then,  we  may  regard  the 
sporangium  stalk  of  Sphenophyllum  as  homologous  with  the 
sporocarp  stalk  of  Marsilia.  The  external  layer  of  the  spo- 

1  Ann.  Sei.  Nat.  Bot.  Ser.  5,  vol.  xviii.,  1873,  P-  5* 

2 Phil.  Trans.,  1874,  p.  41. 

3  Ann.  Sci.  Nat.  Bot.  Sir.,  vi.,  p.  303. 
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rangium  of  Sphenophyllum  appears  to  be  continuous  with 
the  epidermis  of  the  pedicel  ;  this  fact,  as  well  as  the  de¬ 
velopment  of  secondary  xylem  in  the  strobilus  axis,  forms  a 
connecting  link  with  Ophioglossacece.  On  the  whole,  Zeiller 
inclines  to  consider  Sphenophyllum  as  more  nearly  allied  to 
Ophioglossacece  than  to  Hydropteridece. 

As  regards  the  vegetative  parts  of  Sphenophyllum ,  there 
are  certain  characters,  such  as  the  verticillate  leaves  and 
jointed  stem,  in  which  Equisetinece  are  suggested  ;  in  the 
primary  xylem  of  the  central  stele,  and  the  development  of 
secondary  xylem  Lycopodinece  are  indicated.  Probably  we 
must  regard  Sphenophyllum  as  belonging  to  a  special  class 
of  Vascular  Cryptogams,  and  one  which  finds  its  true 
position  close  to  the  Filicinece  because  of  the  close  resem¬ 
blance  in  the  fossil  strobilus  to  the  fructification  of  Marsi- 
liacece  and  Ophioglossacece } 

In  a  summary  of  recent  work  which  has  contributed  to 
the  advance  of  palaeobotany,  it  is  important,  as  occasion  re¬ 
quires,  to  draw  attention  to  such  records  of  newly-discovered 
plants  as  may  be  regarded  as  acquisitions  of  doubtful  value. 
“A  New  Funeus  from  the  Coal-Measures”"1 2  is  a  title  which 
might  lead  us  to  expect  some  interesting  addition  to  the 
scanty  representatives  of  palaeozoic  Fungi.  On  consulting 
the  paper  with  this  heading,  we  find  a  plate  and  brief 
description  of  a  specimen  to  which  the  name  Incolama 
Securiformis  has  been  assigned  ;  it  is  difficult,  however,  to 
detect  any  sound  evidence  that  a  new  fungus  has  indeed 
been  added  to  the  flora  of  the  Coal-Measures. 

The  same  author,  in  another  place,  makes  the  startling 
announcement  that  he  has  discovered  a  Carboniferous  fossil 
plant  showing  the  structure  of  an  “  Endogen  ”  ;  to  this  he 
gives  the  name  Wine  he  Hina  fascina .3  A  he  crude  figure 
and  curious  description,  so  far  as  it  is  possible  to  form  an 
opinion  from  them,  indicate,  as  previously  suggested  by 
Knowlton,4  a  plant  with  some  resemblance  to  Psaromus. 

1  Man.  Soc.  Geo/ France,  1893,  p.  39. 

2  American  Geologist ,  vol.  xi.,  1893,  p.  365. 

8  Ibid.,  p.  286.  4  Science ,  vol.  xxi.,  1893,  p.  332. 
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The  application  of  fossil  plants  on  the  part  of  continental 
palaeobotanists,  to  the  sub-division  and  correlation  of  the 
Coal-Measures,  has  often  been  extended  in  the  case  of 
British  strata  by  the  work  of  Mr.  Kidston.1  His  latest  con¬ 
tribution  in  this  direction  deals  with  the  Coal-Measures  ol 
Ayrshire,  from  which  several  species  are  described  and 
figured,  including  one  new  species  of  Lepidodendron ,  L. 
Landsburgii ,  and  a  new  form  of  Lepidostr obits,  L.  Squarrosus. 
In  his  remarks  on  a  species  of  Lepidophloios ,  L.  Acerosus 
(L.  and  H.),2  Kidston  adds  that  he  has  recently  seen  a 
specimen  of  Lepidodendron  fuliginosum  Will.,  which  proves 
the  Lepidophloios  nature  of  Williamson’s  plant. 

Before  passing  to  the  Permian  period  there  is  another 
contribution  to  the  flora  of  Carboniferous  times  which  should 
be  mentioned,  although  it  hardly  comes  within  the  limits 
of  the  present  retrospect.  In  the  early  part  of  the  year 
(1893)  Mr.  David  White3  published  a  description  of  a  new 
“  Taeniopteroid  Fern”  from  the  Lower  Coal-Measures  of 
Missouri,  and  his  paper  includes  a  suggestive  discussion  as 
to  the  genetic  relations  of  such  forms  as  Oleandridium 
( Tceniopteris ),  Danceites,  Mega lopte ris,  Alethopteris ,  etc. 
Such  tables  as  the  one  given  by  White,  indicating  hypo¬ 
thetical  relations,  are  often  of  considerable  interest,  but  in 
most  cases  rest,  to  a  large  extent,  on  such  slender  evidence 
as  sterile  fragments  of  fronds  are  able  to  afford. 

An  important  contribution  to  Permian  botany  has  recently 
been  made  by  Prof.  Sterzel  of  Chemnitz,4  in  which  he  gives 
an  elaborate  account  of  the  Rothliegende  flora  of  the  Plauen- 
scher  Grund  district.  Beginning  with  a  historical  sketch, 
and  some  account  of  fossil  animals,  the  author  goes  on  to 
deal  at  length  with  the  Lower  Rothliegende  plants  ;  he 
records  the  occurrence  of  such  species  as  Odontopteris 
obtusa  (Brong.  in  part)  Weiss,  Callipteris  prcelongata  Weiss, 
Pecopteris  [Sc  ole  cop  ter  is)  arborescens  (Schloth.),  P.  hemite- 


1  Trans.  R.  Soc.  Edinburgh ,  vol.  xxxvii.,  pt.  ii .,  1893,  P-  3°7- 

a  Ibid.,  p.  343. 

•!  Bull.  Geol.  Soc.,  America,  vol.  iv.,  1893,  P*  II9* 

4  Abh.  Math,  physisch.  Cl.  k.  Sachs.  Ges.  Wiss.,  vol.  xix.,  1893. 
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loides  Brong.,  P.  polymorpha  (Brong.),  Dictyoptens  Sc  hut  zei 
Roem.,  P.  Saronius,  Calamites  striatus  (Cotta),  C.  suckowi 
Brong.,  C.  Cisti  Brong.,  Annularia  stellata  (Schloth.), 
Sphenophyllum  oblongifolium  Germ.,  Stigmana  jicoides 
Brong.,  Cordaites  principalis  (Germ.),  Walchia  pmiformis 
(Schloth.),  several  Gymnosperm  seeds,  etc.  In  addition  to 
these  species,  Sterzel  describes  a  number  of  new  forms  ol 
ferns  and  other  plants  ;*  in  some  cases,  one  cannot  help 
feeling  a  little  doubtful  as  to  how  far  the  institution  of 
new  specific  terms  has  been  warranted  :  eg.,  Sphenoptens 
Angus ti ,  S'.  Deichmidleri,  Callipteris  neuropteroides ,  P sa¬ 
ronius  Dannenbergn  are  all  founded  on  very  small  and 
fragmentary  specimens.  In  several  of  the  ferns,  information 
is  given  as  to  the  character  of  their  fertile  pinnae,  but  there 
is  an  absence  of  discussion  so  far  as  botanical  affinity  is  con¬ 
cerned.  Some  important  facts  are  recorded  with  reference 
to  such  forms  of  Calamites  as  are  included  under  C.  cruci- 
atus  Sterrb.  ( Eucalamites  Weiss).  Some  figures  are  given 
of  Calamitean  roots  in  which  the  vascular  cylinder  is  re¬ 
presented  by  a  dark  central  line  :  it  is  suggested  that  a 
specimen  of  Pinnularia  capillacea  (L.  and  H.),  which  occurs 
on  the  surface  of  a  Calamites  cast,  may  be  the  root  system 
of  a  Calamite,  in  which  nothing  is  left  but  an  impression  of 
the  vascular  tissue.  A  poor  specimen  of  Stigmama  ficoides 
is  figured,  but  no  trace  of  Lepidodendron  or  Sigillana  has 
been  met  with. 

From  the  Middle  Rothliegende  Pecopteris  Geinitzn ,  P. 
altonis  Gutb.,  Scolecopteris  elegans  Zenk.,  Calamites  gigas 
Brong.,  and  other  species  are  quoted:  Zenker’s  well-known 
species,  with  its  Marattiaceous  fructification,  is  dealt  with  at 
some  length.1  The  silicified  fertile  pinnules  of  this  fern 
were  originally  described  by  Geinitz  as  a  Myriapod,  Palceo- 
julus  dy adieus.  Finally  there  is  a  useful  table  of  fossils, 
and  a  careful  comparative  account  of  the  Rothliegende  and 
Coal-Measure  floras  in  which  stress  is  laid  on  the  importance 
of  the  two  characteristic  Permian  plants  Callipteris  and 
Walchia. 

1  Abh.  Math,  physisch.  Cl.  k.  Sachs.  Ges.  Hiss.,  vol.  xix.,  1893,  p.  124. 
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Before  leaving  the  Permian  period,  a  brief  reference 
should  be  made  to  the  recent  examination  of  the  Autun 
“Boghead”  by  Renault  and  Bertrand1;  these  authors 
published  a  detailed  account  of  this  carbonaceous  deposit 
in  1 892, 2  and  more  recently  a  further  note  on  the  same 
subject.  They  point  to  the  existence  of  a  characteristic 
gelatinous  alga  in  the  Autun  beds,  and  consider  that  the 
species  lived  in  enormous  numbers  in  the  Permian  lake 
of  Autun,  and  was  mainly  responsible  for  the  accumulative 
of  the  boghead.  To  this  alga  they  have  given  the  name 
Pila  bibractensis .  In  the  Kerosene  Shales  of  Australia 
another  alga,  Reinschia  Australis ,  appears  to  have  played  a 
corresponding  part,  and  in  the  Scotch  “  Torbanite”  another 
species  of  the  genus  Pila. 

In  Saporta’s  classic  work  on  the  Jurassic  flora  of  France3 
there  are  some  figures  of  an  interesting  type  of  plant  de¬ 
scribed  as  Williamsonia  Morieri  Sap.  A  well-preserved 
specimen  has  recently  been  examined  by  M.  Lignier,  with 
the  result  that  the  name  Bennettites  is  substituted  for 
Williamsonia.  The  structure  closely  corresponds  with  that 
of  B.  Gibsonianus  Carr,  recently  described  afresh  by  Count 
Solms.4  Lignier5  makes  some  important  statements  as  to 
the  morphological  value  of  the  seed-bearing  peduncles,  and 
concludes  that  the  specimen  is  a  gymnospermous  inflores¬ 
cence,  which  lends  support  to  the  distinctions  insisted  on  by 
Solms  between  Bennettitce  and  Cycadece.  A  further  com¬ 
munication  is  promised  by  M.  Lignier  on  this  subject. 

Mr.  T.  H.  McBride,  in  a  recent  number  of  the  American 
Geologist ,6  has  published  a  photograph  and  brief  description 
of  a  new  form  of  Bennettites,  B.  Dactensis,  from  South 
Dakota,  probably  of  Lower  Cretaceous  age. 

I  Compt.  Rend.,  vol.  cxvii.,  1893,  p.  593. 

3  Soc.  Hist.  Nat.  cT Autun,  vol.  v.,  1892,  p.  159. 

8  Pal.  Franc.  Sec  also  Saporta  and  Marion,  Revolution  du  regne 
vegltal,  vol.  i.,  1885,  p.  244. 

4  Annals  Bot.,  vol.  r.,  1890-91,  p.  419. 

4  Compt.  Rend.,  rol.  cxvii.,  1893,  P-  867. 

II  Vol.  xii.,  1893,  P-  248- 
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With  regard  to  Tertiary  and  Post-tertiary  fossil  plants 
we  often  find  that  the  various  communications  serve  chiefly 
to  add  new  species  to  the  long  list  of  fossil  Angiosperms,  or 
record  fresh  localities  for  old  species.  Such  contributions 
may  be  of  considerable  interest  from  the  point  of  view  of 
plant  distribution.  A  case  in  point  is  afforded  by  the  con¬ 
clusions  arrived  at  by  Weberbauer1  that  the  genus  Brasenia , 
now  widely  distributed  in  extra-European  regions,  was 
formerly  a  native  of  Europe.  Weberbauer,  acting  on  a 
suggestion  made  by  Wittmack,  carefully  examined  spedles 
of  the  two  genera,  Holopleura  and  Cratopleura ,  from  the 
lignitic  deposits  of  Wetteren  and  Biarritz,  and  compared 
them  with  seeds  of  Brasenia.  This  comparison  led  him  to 
abolish  the  above  generic  names  of  Caspary  and  Weber  for 
the  recent  genus  Brasenia.  The  Marquis  of  Saporta2  records 
a  Tertiary  species  of  the  genus  Nelumbium  from  the 
Aquitanian  beds  of  Manosque,  and  speaks  of  the  fossil  form 
N.  proto specio, sum  Sap.,  as  closely  resembling  the  Asiatic 
species  N.  speciosum  Wild.  Some  interesting  remarks  are 
added  on  the  general  character  of  the  Aquitanian  vegetation 
in  the  Manosque  district. 

From  Italy  several  fossil  Muscineae  have  been  recorded 
by  Brizi  from  a  tufaceous  deposit  in  the  valley  of  the 
Tiber.3  Another  writer  describes  a  new  fossil  Palm4  from 
the  Tongrien  of  Nuceto  ;  the  plant  is  named  Calamopsis 
Bruni  Peola,  and  is  represented  in  the  type  specimen  by  a 
portion  of  a  pinnate  leaf  with  the  venation  clearly  marked  ; 
it  is  compared  to  the  living  genus  Zalacca ,  and  appears  to 
be  the  first  example  of  Fleer  s  genus  Cala7nopsis  recorded 
from  Italy. 
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ORIGIN  AND  NATURE  OF  CERTAIN 
BACTERIAL  POISONS. 


IT  is  well  known  that  the  introduction  of  sterilised  and 
filtered  cultures  of  specific  pathogenic  organisms  into 
the  bodies  of  susceptible  animals  is  capable  of  either 
causing  death  or  conferring  immunity,  according  to  the 
amount  which  is  injected,  though  whether  the  toxic  sub¬ 
stances  of  the  culture  are  identical  with  those  that  effect 
a  chemical  vaccination,  is  at  present  undecided.  The 
nature  of  bacterial  poisons  has  been  extensively  investi¬ 
gated  during  the  last  few  years,  and  improved  methods 
for  the  separation  of  micro-organisms  from  cultures,  to¬ 
gether  with  a  knowledge  of  the  most  suitable  media  on 
which  to  cultivate,  have  considerably  modified  the  views 
which  were  formerly  held  as  to  the  chemical  nature  of 
bacterial  activity. 

The  history  of  the  growth  of  knowledge  on  this  subject 
has  been  traced  by  Paschoutine,1  and  more  recently  by 
Gamaleia.2  The  study  of  putrefaction  by  Seybert  in  1758 
was  renewed  by  Gaspard,  Magenclie  and  others  in  the 
commencement  of  this  century,  while  Stich,  3  in  1853, 
published  his  work  on  the  toxic  behaviour  of  putrefied 
proteids  and  faecal  excreta.  His  researches  showed  that 
the  aqueous  extracts  of  the  solid  excreta  of  an  animal 
are  poisonous  when  introduced  into  its  own  blood,  but 
not  when  into  the  stomach,  and,  further,  the  excreta  of 
one  species  can  produce  death  when  introduced  into  the 
bowel  of  another.  The  classical  experiments  of  Panum 4 

1  Paschoutine,  Cours  de  pathologie  generate  et  experimental ,  1885. 

2  Gamaleia,  Les  poisons  bacteriens ,  1892. 

3  Stich,  Die  acute  Wirkung  putrider  Stoffe  im  Blute.  Charite- 
Annalen,  1853. 

4  Panum,  Virchow’s  Archiv ,  Bd.  lx.,  1874.  In  this  paper  Panum 
draws  attention  to  his  work  of  1855-56  which  was  published  in  a 
Danish  journal,  Bibliothek  for  Lager ,  April,  1856.  Three  years  later 
this  was  abstracted  by  Busch  in  Schmidt’s  Jahrbucher ,  1859,  Heft  2, 
pp.  213-217. 
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on  putrefactive  poisons  definitely  proved  that  these  sub¬ 
stances  were  unorganised,  some  were  soluble  in  water 
and  caused  symptoms  of  rapid  poisoning  ending  in  death, 
while  others  were  soluble  in  alcohol  and  produced  an 
effect  comparable  to  the  alkaloids  of  opium.  Panum’s 
work  may  be  considered  to  have  powerfully  influenced 
subsequent  investigations.  Numerous  observers  confirmed 
and  extended  Panum  s  experiments,  others  isolated  im¬ 
pure  toxic  substances  from  putrefied  meat  or  yeast,  while 
the  first  analysis  of  a  ptomaine  obtained  by  the  pan¬ 
creatic  digestion  of  gelatine  was  given  by  Nencki  in 
1876.  Pathogenic  cultures,  artificial  digestions,  and  the 
several  stages  of  organic  putrefaction  yielded  numerous 
ptomaines  and  leucomaines,  but  only  when  the  soil  on 
which  the  bacteria  flourished  contained  proteid  constitu¬ 
ents  ;  further,  the  substances  discovered  by  one  observer 
differed  in  chemical  and  physiological  behaviour  from  those 
found  by  another.  These  researches  tended  to  support 
the  view  that  the  toxic  substances  produced  by  bacteria 
resulted  from  a  specific  decomposition  of  albuminous  bodies, 
but  all  subsequent  work  has  shown  that  this  idea  must  be 
abandoned,  and  though  bacterial  poisons  may  be  closely 
allied  to  proteid  bodies  it  is  certain  that  in  the  most  toxic 
liquids  they  may  exist  in  imponderable  quantity  ;  they  are 
difficult  to  isolate  in  a  state  of  purity,  and  precise  knowledge 
as  to  their  physical  and  chemical  character  does  not  exist. 

The  physical  properties  of  some  toxines  can  perhaps 
be  deduced  from  their  behaviour  in  the  processes  of  solu¬ 
tion,  filtration,  and  dialysis.  Charrin  and  Gley 1  have  sepa¬ 
rated  three  groups  of  substances,  from  cultures  of  Bacillus 
anthracis  and  Bacillus  pyocyaneus ,  which  vary  in  chemical, 
physical,  and  pathogenic  properties. 

1  Charrin  et  Gley,  Archiv  de  Phys.,  1891.  The  first  group  yields  a 
precipitate  with  alcohol  and  dialyses  easily.  The  toxic  effects  are  pro¬ 
portional  to  the  dose  which  produces  in  the  rabbit,  fever,  intestinal 
haemorrhages  and  albuminuria.  The  toxines  of  the  second  class  are 
soluble  in  alcohol  and  do  not  diffuse  through  membranes.  They  pro¬ 
duce  convulsions  by  acting  on  the  nervous  system.  The  third  group 
are  volatile  bodies  obtained  by  distillation  of  the  filtrate  which  diminish 
and  even  temporarily  abolish  the  excitability  of  the  vaso-motor  system. 
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The  study  of  the  action  of  dead  bacteria  in  the  living 
body1  has  led  to  the  belief  that  dead  tubercle  bacilli  may 
themselves  contain  a  toxine,  and  these  bacilli,  if  intro¬ 
duced  directly  into  a  vein,  produce  a  train  of  symptoms 
culminating  in  death.  The  autopsy  shows  that  various 
organs,  and  especially  the  lungs,  are  permeated  with 
minute  granulations,  composed  of  epithelioid  cells,  con¬ 
taining  tubercle  bacilli ;  the  extent  to  which  the  organs 
are  involved  depends  exclusively  upon  the  quantity  of 
dead  bacilli  which  have  been  inoculated.  From  ex¬ 
periments  of  this  nature  it  has  been  concluded  that  dead 
tubercle  bacilli  contain  a  substance  which  produces  a 
necrotuberculosis  characterised  by  lesions  similar  to  those 
caused  by  living  bacilli.  A  study  of  the  histo-genesis  of 
tuberculous  processes  has,  however,  shown  that  granula¬ 
tion-nodules,  containing  epithelioid  and  giant  cells,  are  not 
specific  pathological  formations  induced  by  either  living  or 
dead  bacilli,  but  that  indifferent  foreign  bodies  can  produce 
these  changes.2  The  affection  produced  by  dead  bacilli 
is,  therefore,  not  a  genuine  tuberculosis,  but  a  disease  in 
which  nodules,  resembling  those  produced  by  living  bacilli, 
are  disseminated  through  organs. 

It  is,  however,  possible  that  a  poison  or  the  ante¬ 
cedent  of  this  may  exist,  as  is  the  case  with  enzymes  or 
zymogens  within  the  cell,  and  this  may  result  from  the 
synthetic  activity  of  protoplasm.  It  is  well  known  that 
completely  attenuated  cultures  form  no  specific  toxine, 
though,  according  to  Buchner3  and  his  colleagues,  certain 
protei'nes  derived  from  the  plasmatic  contents  of  the 
bacterial  cell  pass  into  culture  media  which  have  sup¬ 
ported  a  virulent  growth.  These  protei'nes  have  the 
power  of  producing  acute  leucocytosis  and  inflammatory 
reaction.  Proteolytic  and  amylolytic  ferments  have  been 

1  Prudden  and  Hodenpyl,  New  York  Medical  Journal ,  1891. 

Strauss  et  Gamaleia,  Archives  de  vied,  experimental ,  1891. 

Grancher  et  Ledoux-Lebard,  ibid.,  1892. 

2  Baumgarten,  Histogenese  des  tuberkulosen  Processes ,  1885. 

3  Buchner,  Berlin.  Klin.  Woche?ischrift ,  1890,  No.  103,047,  and 
Centralblatt f.  Chirugie,  1890,  No.  50. 
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proved  to  exist  in  pathogenic  bacteria,  and  Macfadyen1 
has  shown  that  glycerine  extracts  of  some  rapidly  lique¬ 
fying  micro-organisms  not  only  contain  enzymes  like 
trypsin  and  diastase,  but  that  specific  toxines  can  be 
obtained  from  the  cholera  spirillum  and  Vibrio  Metch- 
nikovi .  By  means  of  glycerine  Loffler 2  also  extracted 
a  diphtheria  toxine  from  cultures  carried  out  on  chopped 
meat,  but  in  this  case  both  the  bacilli  and  the  medium 
were  the  source  of  the  poison.  In  connection  with  the 
question  how  far  a  micro-organism  can  yield  a  toxine  as 
a  product  of  its  own  metabolism,  the  recent  work  of 
Ouchinsky  is  of  importance.  Roux  and  Yersin3  regard 
the  poison  of  diphtheria  as  an  enzyme,  while  Brieger  and 
Frankel4  speak  of  this  as  a  toxalbumin,  but  admitting  at 
the  same  time  that  the  poisons  of  cholera,  typhoid  fever, 
and  pathogenic  staphylococci  are  globulins.  According  to 
other  investigators  the  diphtheria  poison  is  an  albumose 
or  a  body  allied  to  peptone  or  a  member  of  the  nucleo- 
albumins. 

Fermi5  cultivated  non-pathogenic  micro-organisms  on 
Nageli’s  fluid  with  the  addition  of  1-5  per  cent,  of  gly¬ 
cerine.  He  isolated  enzymes  which  had  an  activity  similar 
to  that  possessed  by  trypsin  from  cultures  of  Micrococcus 
prodigiosus ,  and  Bacillus  pyocyaneus.  Guinochet6  culti¬ 
vated  Loffler’s  diphtheria  bacillus  on  bouillon  and  also  on 
urine,  and  obtained  a  toxine  by  filtration.  This  was  not 
very  powerful,  but  was  sufficiently  so  to  kill  guinea-pigs. 
Since  this  poison  is  produced  in  proteid-free  media,  he 
holds  that  the  toxine  cannot  be  looked  upon  as  a  tox¬ 
albumin,  and  in  a  later  research  it  is  shown  that  an  accurate 
chemical  statement  about  this  specific  toxine  is  not  possible. 


1  Jou?'n.  of  Anat.  and  Phys.,  April,  1892. 

2  Loffler,  Deutsche  med.  Wochenschrift ,  1889,  Nos.  5  and  6. 

3  Roux  et  Yersin,  Annates  de  I  Instituted  Pasteur ,  1888,  1889,  1890. 

4  Brieger  and  Frankel,  Berliner  Klin.  Woch.,  1890. 

5  Fermi,  Cenlralblatt fur  Physiologie,  1891. 

Guinochet,  Archives  de  med.  exp. ,  vol.  iv.,  No.  4,  and  Compt.  Pend., 
cxiv.,  No.  1 1. 
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Many  pathogenic  germs  grow  well  on  a  fluid  devised  by 
Gamaleia,  which  is  wholly  free  from  proteids,  but  contains 
glycerine,  common  salt,  and  Liebig’s  extract  of  meat. 

The  investigations  of  Ouchinsky 1  have  been  carried  out 
on  media  which  contain  neither  proteid  nor  peptone,  but 
only  well-known  chemical  substances.  In  his  first  commu¬ 
nication  the  medium  has  the  following  composition  : — 


Water  .......  1000 

Glycerine.  ......  40-50 

Sodium  chloride  .....  5 -7 

Ammonium  lactate  .  .  .  .  .  10 

Calcium  chloride  .  .  .  .  .  *i 

Magnesium  sulphate  ....  *2 

Biphosphate  of  potassium  ....  1 


For  some  pathogenic  organisms,  such  as  Loffler’s  diphthe¬ 
ria  bacillus,  *5  per  cent,  of  urea,  or  *02  per  cent,  of  uric  acid 
is  added,  and  in  some  cases  a  variable  amount  of  sugar. 

On  this  fluid  neither  the  bacillus  tuberculosis  nor 
Eberth’s  typhoid  bacillus  will  grow,  but  the  Spirillum  of 
cholera  and  the  Vibrio  avicide  {Metchnikovi )  develop 
luxuriantly.  Loffler’s  bacillus  grown  on  the  fluid  without 
the  addition  of  urea  or  uric  acid  yields  a  filtrate  the  toxic 
property  of  which  is  not  very  marked,  15-13  cc.  being 
required  for  a  lethal  dose,  while  with  the  addition  of  urea 
or  uric  acid  a  filtrate  is  obtained  1*5  cc.  of  which  is  fatal. 
The  cultures  obviously  vary  in  virulence,  and  the  attenua¬ 
tion  of  this  in  the  first  case  is  permanent.  The  suc¬ 
cessive  generations  of  a  culture  primarily  weakened  on 
Ouchinsky’s  fluid  are  found  when  grown  upon  ordinary 
glycerine  bouillon  to  remain  in  this  condition.  The  virus 
is  absolutely  attenuated  and  capable  of  remaining  so  in 
successive  generations.  The  toxines  of  cholera  and  diph¬ 
theria  examined  chemically  give  Millon’s  reaction  for 
proteid,  and  respond  to  the  biuret  and  xanthoproteic 
tests.  Corrosive  sublimate,  alcohol,  lead  acetate,  acetic 


1  Ouchinsky,  Archives  de  med.  exp.,  No.  3,  1893. 
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acid  and  ferrocyanide  of  potassium  cause  a  precipitate, 
although  the  diphtheria  toxine  does  not  give  the  last 
reaction.  On  the  evidence  of  these  tests  it  is  held  that 
the  toxines  of  cholera  and  diphtheria  are  proteid  bodies 
like  peptones  or  albumoses,  and  that  they  are  syntheti¬ 
cally  produced  by  the  micro-organisms.  The  latter  part  of 
this  conclusion  is  probably  correct,  and  is  of  great  interest, 
but  a  far  more  extended  chemical  investigation  is  necessary 
before  the  proteid  nature  of  these  toxic  substances  can  be 
considered  proved. 

In  a  subsequent  communication1  Ouchinsky  gives  the 
results  of  a  renewed  study  of  the  poisons  produced  by 
the  micro-organisms  of  typhoid,  cholera,  diphtheria,  and 
tetanus,  when  cultivated  upon  a  fluid  of  the  following 


composition  : — 

Water . 1000 

Glycerine .......  30-40 

Sodium  chloride  .....  5-7 

Calcium  chloride  .  .  .  .  .  'i 

Magnesium  sulphate  ....  '2-2 

Bipotassium  phosphate  ....  2-2*5 

Ammonium  lactate  .  .  .  .  .6-7 

Sodium  asparaginate  ....  3-4 


The  tetanus  bacillus  thrives  on  this  fluid  when  1-2 
parts  of  sugar  is  added,  and  the  access  of  oxygen  is  pre¬ 
vented  by  an  alkaline  solution  of  pyrogallic  acid.  The 
growth  passes  through  the  same  stages  as  is  observed  in 
bouillon  media,  but  the  bacilli  are  somewhat  thinner  than 
normal.  The  filtered  cultures  show  a  marked  toxic  power  ; 
*6-*8  ccm.  sufficed  to  kill  rabbits  of  a  moderate  weight.  The 
poison  in  the  filtrate  is  destroyed  on  the  addition  of  alcohol, 
or  when  this  is  concentrated  in  a  vacuum  at  30°'36c>  this 
effect  being  most  obvious  when  the  operation  is  done  in 
daylight.  The  toxine  of  the  filtrate  can  be  obtained  by 
precipitation  with  calcium  phosphate,  a  method  which  was 

1  Ouchinsky,  Centralblatt  f  Bacteriologie  u.  Parasiten-kunde ,  Sept., 
t893. 
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originally  employed  by  Brticke  for  the  separation  of  the 
ferments  of  the  gastric  juice.  The  chemical  nature  of 
the  toxine,  according  to  Ouchinsky,  resembles  that  of  an 
enzyme,  a  view  supported  by  the  earlier  researches  of 
Roux  and  Yersin  on  diphtheria,  and  maintained  by  Arloing 
and  others. 

Since  tetanus  bacilli  do  not  invade  the  organism,  but 
produce  a  toxine  which  passes  into  the  system  from  the 
area  of  inoculation,  the  observations  of  Courmont  and 
Doyon1  lend  support  to  the  opinion  that  the  toxic  sub¬ 
stances  which  cause  tetanus  result  from  the  action  in  the 
organism  of  a  soluble  ferment  produced  by  the  bacillus  of 
Nicolaier.  These  observers  consider  that  the  substance 
that  causes  spasm  is  a  poison  like  strychnine,  which,  acting 
upon  the  extremities  of  sensory  nerves,  causes  the  typical 
contractures.  But  this  is  not  the  essential  tetanus  poison 
which  appears  to  be  a  pathogenic  ferment,  since,  if  3-4  cc. 
of  the  filtrate  of  a  tetanus  culture  be  injected  either  sub¬ 
cutaneously,  or  into  the  blood,  or  into  muscle,  a  period  of 
incubation  about  24-36  hours  is  found  to  exist,  and  this 
period  cannot  be  annulled  by  the  injection  of  a  hundred 
times  the  quantity;  the  filtrate  indeed  has  no  immediate  effect. 
If,  however,  the  blood  of  an  animal  with  developed  tetanus 
be  transfused,  the  recipient  at  once  falls  into  the  tetanic 
state,  which  persists  until  the  poison  is  eliminated.  It  is 
evident  that  the  substance  or  substances  in  the  filtrate  of 
the  bacilli  have  a  totally  different  physiological  effect  from 
substances  present  in  the  blood,  and  further,  the  muscles  of 
animals  killed  with  tetanus  filtrate  yield  a  strychnia-poison 
which  resists  prolonged  boiling,  while  a  temperature  of  65° 
C.  destroys  the  poison  in  the  filtrate.  These  experiments 
undoubtedly  allow  the  conclusion  that  the  substances 
which  engender  tetanus  result  from  the  action  on  the 
organism  of  a  soluble  ferment  or  enzyme  fabricated  by 
Nicolaier’s  bacillus. 

The  poison  of  tetanus  is  exceedingly  easily  destroyed. 
Chemical  and  physical  agents  such  as  a  temperature  of 


1  Courmont  et  Doyon,  Societe  de  Biologie,  Nos.  10  and  21,  1893. 
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650  C.  for  five  minutes,  direct  sunlight  for  fifteen  to  eighteen 
hours,  weak  acids  and  alkalies  destroy  the  activity  of  a  teta¬ 
nus  filtrate,  and  no  means  of  precipitating  the  toxine  without 
at  the  same  time  partially  or  wholly  removing  its  specific 
properties  at  present  exist.  Attempts  to  isolate  the 
poison  of  tetanus  have,  however,  been  repeatedly  made, 
and  the  latest  work  in  this  direction  is  that  of  Brieger 
and  Georg  Cohn.1  Tetanus  filtrates  differ  in  virulence 
according  to  the  medium  on  which  the  bacillus  is  grown, 
and  a  concentrated  impure  poison  three  times  as  powerful 
as  the  direct  poison  used  by  Kitasato  was  obtained  from  a 
medium  of  veal-bouillon  containing  1  per  cent,  peptone 
and  '5  per  cent.  salt.  The  crude  poison  was  precipitated 
from  the  sterile  filtrate  by  saturation  with  ammonium 
sulphate.  The  precipitate  floated  on  the  surface,  was 
removed,  allowed  to  drain  on  porous  slabs  and  dried  in 
vacuo.  The  whole  of  the  toxine  was  held  in  the  pre¬ 
cipitate,  the  remaining  fluid  being  innocuous.  Prepared 
in  this  way  the  crude  poison  contained  about  6  per 
cent,  of  ammonium  sulphate  and  other  salts,  proteids 
and  peptone,  amido-acids,  and  volatile  odorous  products, 
and  its  activity  was  neither  destroyed  by  a  tempera¬ 
ture  of  6o°  C.  nor  by  the  addition  of  absolute  alcohol 
with  1  per  cent,  of  corrosive  sublimate.  The  proteid 
impurities  were  removed  with  basic  lead  acetate  and 
a  trace  of  ammonia,  and  the  remainder  by  dialysis. 
Evaporation  of  the  dialysed  fluid  in  vacuo  at  20  C. 
yielded  the  tetanus  toxine  in  the  form  of  faint  yellow  trans¬ 
parent  scales,  which  are  soluble  in  water  and  laevo- 
rotatory.  It  contains  but  little  ash  and  does  not  respond 
to  many  of  the  common  tests  for  proteids.  Calcium 
phosphate,  used  with  such  success  by  Yersin  and  Roux 
in  their  researches  on  the  poison  of  diphtheria,  does 
not,  as  is  the  case  with  enzymes,  remove  the  toxine 
from  its  solutions.  The  poison  is  free  from  phos¬ 
phorus.  Although  in  yielding  the  biuret  reaction, 
and  a  precipitate  on  the  addition  of  ammonium  sul- 


1  Brieger  and  Georg  Cohn,  Zeits  dirift  fur  Hygiene ,  1893. 
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phate,  the  toxine  of  tetanus  resembles  proteids  as  well  as 
many  other  substances,  it  is  concluded  that  the  specific 
tetanus  poison  does  not  belong  to  the  group  of  proteids, 
since  it  does  not  conform  to  the  chemical  behaviour  of 
the  members  of  this  class.  The  amorphous  cholera 
poison  has  also  been  studied  by  Brieger  and  Cohn,  by 
cultivating  upon  Ouchinsky’s  medium  without  the  mag¬ 
nesium  sulphate.  In  the  ordinary  acceptation  of  the  term 
this  also  appears  not  to  be  a  proteid  body. 

The  toxines  isolated  by  these  authors  doubtless  repre¬ 
sent  a  highly  concentrated  form  of  the  poison,  since  '23 
mg.  would  be  the  lethal  dose  for  an  adult  man.  Its 
virulence  is  evident  when  compared  with  atropin  and 
strychnine,  130  mg.  and  30-100  mg.  being  the  smallest 
lethal  doses  of  these  alkaloids.  Still  it  is  possible  that  this 
research  has  not  yielded  the  specific  toxine.  It  is  proved 
by  the  investigations  of  many  workers  that  the  amorphous 
products  of  micro-organisms  may  be  both  harmful  and 
beneficial  to  the  organism;  these  bodies  may  appear  as  an 
expression  of  the  synthetic  activity  of  certain  bacteria,  and 
may  even  exist  within  the  protoplasm,  but  the  essential 
physical  and  chemical  characters  of  substances  which 
may  be  as  imponderable  as  enzymes  are  at  present  un¬ 
known.  Just  as  the  manifestation  of  peptic  or  amylolytic 
power  is  the  only  available  test  of  the  presence  of  pepsin 
or  ptyalin,  so  the  specific  intoxications  produced  by  the 
poisons  of  specific  micro-organisms  are  in  many  cases  far 
more  characteristic  and  defining  than  the  application  of 
any  chemical  or  physical  tests  which,  at  the  present  time, 
are  at  our  disposal. 


George  A.  Buck  master. 


THE  PRESENT  OUTLOOK  OF  VERTEBRATE 

MORPHOLOCxY. 1 


I.  General. 


HE  last  quarter  of  a  century  will  ever  remain  memor- 


X  able  in  the  history  of  animal  biology  as  the  period 
of  what  may  be  termed  the  embryological  reaction.  At  its 
outset,  the  field  of  comparative  embryology,  first  entered  by 
von  Baer,  followed  by  Allen  Thomson,  von  Kolliker  and 
Haeckel,  under  the  application  of  new  methods  by  hundreds 
of  willing  explorers,  gave  promise  of  revealing  the  stages 
through  which  the  diverse  forms  of  animal  structure  have 
been  attained,  and,  correlatively,  of  enabling  us  to  form  at 
least  a  sounder  conception  of  the  complex  inter-relationships 
of  animal  forms,  and  of  the  characters  demanded  of  the 
ancestral  “Urthier”  and  of  the  lines  along  which  to  seek 
that.  During  the  period,  which  will  always  be  associated 
with  the  names  of  Balfour,  His,  Dohrn,the  Brothers  Hertwig, 
Van  Beneden,  Duval,  Kowalewsky,  Whitman,  and  Minot, 
as  leaders  in  the  great  European  countries  and  America, 
the  conception  that  ontogeny  is  generally  recapitulatory  of 
phylogeny  seemed  early  destined  to  prove  a  reality,  and  the 
advancing  structural  complexities  of  the  organs  in  the 
ascending  series  of  animals  appeared  to  be  the  direct 
effects  of  a  correspondingly  progressive  functional  differ¬ 
entiation  of  the  animal  body.  As  a  natural  consequence 
of  this,  and  in  accordance  with  the  generally  accepted 
belief  that  land  animals  have  for  the  most  part  had  an 
aquatic  origin,  and  that  the  fresh-water  creatures  have 
mostly  been  derived  from  aquatic  ancestors,  attention 
became  more  and  more  concentrated  upon  the  lower  classes 
of  marine  invertebrates  ;  and  so  violent  was  the  reaction 
that  the  department  of  vertebrate  morphology,  within  which 
the  foundations  of  the  science  had  been  built  up,  lay  at 

1  Apropos  of  the  appearance  of  Kiikenthal  s  “  Vergleichd-anatomische 
und  entwicklungsgeschz  Untersuchungen  an  Waltieren  ”  (. Denkschr .  d. 
Medic- Naturwiss.  Gesellsch.  Jena ,  Bd.  iii.,  1889-1893,  366  pp.  and  25 
plates)  and  Semon’s  “  Zoologische-Forschungsreisen  in  Australien  und 
Malayischen  Archipel.,”  i.  {ibid.,  Bd.  iv.,  pp.  50,  with  8  plates),  1893. 
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one  time  under  a  cloud  of  disrespect,  and  but  for  the  loyalty 
of  the  minority  it  might  have  languished.  To-day  the  cloud 
has  passed  and  the  reaction  is  subsiding — only  to  show  that 
much  that  is  developmental  is,  after  all,  adaptive,  and  that 
ontogeny  is  certainly  not  so  strictly  recapitulatory  as  was 
originally  surmised.  The  conception  of  the  mesoderm  as  a 
distinct  embryonic  layer,  equal  in  importance  with  the  re¬ 
maining  two,  has  been  challenged,1  and  other  of  the  most 
fundamental  propositions  of  the  germ-layer  theory  are  now 
laid  under  arrest.2  Dalamination  has  been  discovered  in 
Ophinroids3 — the  Plakula  and  Parenchymella  theories  of 
Metazoan  development  have  now  to  be  measured  against 
the  Gastraea  one4 — and  the  discovery  of  Trichop  lax 5  and 
Salinella 6  (should  the  latter  be  confirmed)  suggest  altogether 
new  lines  of  approaching  the  vitally  important  study  of  the 
structural  relationships  between  the  Protozoa  and  Metazoa. 
The  doctrine  of  the  substitution  of  organs 7  at  least  offers 
a  provisional  method  of  solving  some  of  the  most  formid¬ 
able  difficulties  which  beset  the  evolutionist,  and  renders 
intelligible  much  that  is  most  curious  and  perplexing 
in  nature.1  The  earliest  stages  in  Metazoan  development 
are  now  proving  to  be  as  susceptible  to  secondary  modi¬ 
fication  as  the  later  ones,  and  signs  are  now  dawning  that 
even  the  respective  value  of  the  blasto-meres  must  be 
determined  by  their  ultimate  late.s  The  brilliant  researches 
of  Julin0  and  others,  now  progressing,  which  are  fast  bringing 
us  to  regard  the  protozoan  meganucleus  as  at  least  the 
functional  counterpart  of  the  nucleolus  of  the  Metazoa,  and 
its  micronucleus  as  that  of  their  remaining  nuclear  mass, 
once  more  revive  the  conception  of  the  structural  unity  of 

1  To  wit,  the  appearance  of  the  electric  organ  in  the  Raiidce.  The  con¬ 
version  of  the  tail  ol  the  non-Torpedine  Batoids  into  either  a  vestigial 
stump  ( Pteroplatea ),  an  elongated  whip-lash,  or  a  barbed  organ  ( Try - 
gomdce)  strongly  favours  the  conclusion  that  the  development  of  an 
electrical  organ  within  it  is  but  one  of  a  series  of  changes  which  it  has 
undergone  upon  the  usurpation  of  its  function  as  the  chief  propeller  by  the 
expanded  pectoral  fins.  The  case  appears  akin  to  that  of  the  independent 
development  of  pharyngeal  sacs  (proved  by  experiment  to  be  indispensable 
to  respiration)  under  accompanying  reduction  of  the  gills  in  the  Murae- 
noid  Amphipuous  (here  reduced  to  one  pair)  and  the  siluroid  Sarrohanchus. 
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the  animal  cell.  The  differences  between  the  Protozoa  and 
Metazoa  to-day  appear  to  be  certainly  non-qualitative,10 
and  the  essence  of  organisation,  as  Whitman  has  lately 
pointed  out,11  appears  to  no  more  lie  in  the  “  number  of 
nuclei  than  in  the  number  of  cells,”  while  “  comparative 
embryology  reminds  us  at  every  turn  that  the  organism 
dominates  cell-formation,  using  for  the  same  purpose  one, 
several,  or  many  cells  ”  ;  and  the  view  that  the  part  played 
by  cell-division  in  the  mere  formative  processes  of  the 
animal  body  is  the  all-important  one  that  it  at  first  sight 
appeared  is  on  the  decline. 

Midst  this  changing  scene,  recent  investigations,  such 
as  those  of  His,12  Duval,13  Hochstetter,14  Mitsukuri,15  and 
Beard,16  have  shown  that,  on  the  most  rigidly  definable 
embryological  grounds,  the  vertebrate  remains,  to  say  the 
least,  as  interesting  and  important  as  the  invertebrate. 
Palaeontology  has  yielded  us,  in  the  Eotetrapoda 17  of 
Credner,  a  group  of  animals  which  so  completely  unite  the 
Rhynchocephalia  with  the  Stegocephala,  that  it  is  a  question 
whether  the  line  must  not  be  drawn  between  the  former  and 
other  lizards  rather  than  between  the  Lizards  and  Amphi¬ 
bians  ;  and  in  the  Myxinoid  Palceospondylus ,18  with  its 
calcified  notochord,  it  has  unearthed  the  remains  of  a 
creature  fit  to  rank  in  importance  with  Archceopteryx  and 
the  Odontornithes .  The  discovery  of  the  Australian  Mole 
Marsupial  Notoryctes,19  in  revealing  to  us  a  unique  example 
of  isomorphism  and  convergence  in  nature,  has  emphasised 
a  far-reaching  principle  which  there  is  reason  to  believe 
has  been  too  generally  overlooked  ;  and  the  recent  dis¬ 
covery  of  lungless  Salamanders  in  America20  (if  true),  and, 
in  Burma,  of  a  snake  having  the  external  appearance  of 
a  harmless  Colubrine,  but  the  mouth  of  a  viper,-1  would  be 
hard  to  beat,  among  the  sensational  and  unexpected  ;  while 
the  recognition  of  two  new  vipers  within  the  European 
area  is  a  theme  with  a  sufficiently  obvious  retrain. 

It  will  thus  be  seen  that  the  vertebrate  morphologist  has 
reason  for  sustained  confidence  in  his  subject,  and  ample 
reward  for  his  loyalty.  The  course  of  advancement  has, 
within  the  period  named  at  the  outset,  revolutionised  his 
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conceptions  of  the  inter-relationships  of  certain  of  the 
great  classes  of  animals  with  which  he  deals,  by  striking  at 
the  most  diagnostic  of  their  morphological  differences  ;  and 
it  may  be  well  to  briefly  recapitulate  some  of  the  more 
salient  of  its  points,  beyond  what  has  been  already  said,  be¬ 
fore  considering  the  two  monographs  specially  under  review. 

The  discovery  of  the  complex  nature  of  the  post-caval 
vein,  and  of  the  existence  in  certain  fishes  of  a  post-caval 
sinus,22  together  with  the  confirmation  of  Gunther’s  dis¬ 
covery  of  a  true  vena  cava  inferior  in  the  Dipnoi,23  at  once 
cuts  into  the  root  of  the  ichthyopsidan  stem  ;  and  that  of 
salient  points  of  morphological  community  between  the  oral 
hypophysis  of  vertebrates  and  the  ciliated  sac  of  Amphioxus 
and  the  Tunicates,24  adds  a  link  to  the  chain  which  binds 
these  animals  together— a  link  rendered  the  more  secure  (i.) 
by  appreciation  of  a  parallelism  of  modification  of  the  organ 
in  Amphioxus  and  the  Marsipohanchii,  as  diverse  from  the 
T unicata  and  all  higher  vertebrates,25  and  (ii. )  by  the  discovery 
in  the  Tunicate  Oikopleura  fiabellum  (?)  of  an  abbreviated 
condition  of  the  endostvle  akin  to  that  of  the  Ammocoete.26 

j 

The  importance  until  recently  attached  to  the  characters 
of  the  occipital  condyle  is  too  familiar  to  need  further 
mention  here,  but  the  fact  that  in  many  birds  and  reptiles 
the  conditions  are  such  that  it  might  well  be  a  nice  point 
in  law  to  decide  whether  a  single  or  double  condyle  is 
present  somewhat  undermines  this.  The  well-known  fact 
that,  in  Mammals  more  especially,  the  roots  of  the  hypo- 
glossus  nerve  arise  recurrently  with  the  ventral  ones  of  the 
spinal  series  and  perforate  the  dura  mater  (and  in  many 
cases  the  skull  also)  by  distinct  apertures,  has  become 
luminous  to  an  unexpected  degree,  by  Froricp’s  brilliant 
discovery  27  of  their  dorsal  ganglionated  roots  in  the  embryo 
ungulate.  The  investigations  of  Sagemahl,28  Gegenbaur,29 
and  others,  which  have  followed  this,  and  the  discovery 
of  the  persistence  of  dorsal  hypoglossal  roots  in  Protop- 
terus 30  and  Polypterus,31  render  it  now  tolerably  clear  that, 
while  in  the  Amphibia  the  hypoglossus  nerve-bearing  region 
has  gone  over  to  the  vertebral  column,  and  in  the  Amniota 
it  has  become  merged  into  the  occiput,  in  the  Osteichthyes 
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more  especially  the  incorporation  of  one  or  more  differ¬ 
entiated  vertebral  segments,  or  at  least  their  associated 
arches,  in  the  skull,  is  apparently  the  rule — the  so-called 
occipital  articulation  being  inter-vertebral.  In  view  of  these 
facts,  and  others,  well  known,  involving  variation  of  the  occi¬ 
pital  and  anterior-vertebral  regions  of  the  axial  skeleton,  the 
taxonomic  value  in  the  past  attached  to  the  presence  of  a 
single  or  double  condyle  is  materially  lessened,  if  not  nullified. 

The  mention  of  the  last-named  topic  leads  up  naturally 
to  a  consideration  of  the  Mammalia,  believed  by  some  to 
be  most  nearly  allied  to  the  Reptiles  and  by  others  to  the 
Amphibia.  The  classical  researches  of  Goette 32  have, 
within  the  last  twenty  years,  laid  the  foundation  for  a 
complete  reconciliation  between  the  distinctive  features  of 
the  shoulder-girdle  in  Mammals  and  certain  Reptiles.  The 
inter-clavicle,  originally  thought  to  be  formed  in  Mono- 
tremes  alone  among  Mammalia,  has  been  found  to  appear 
during  development  in  the  Placentalia  ;  and  the  segmenta¬ 
tion  of  the  coracoid  into  superposed  epi-  and  meta-cora- 
coidal  elements  has  been  observed  in  representative 
members  of  the  leading  orders  of  Placental 33  Mammals. 
The  marked  differences  between  the  adult  condition  of 
the  hip-girdle  of  Omit  hoi' hync  hits  and  that  of  all  other 
mammals  have  been  found  to  be  due  to  change 
occurring  late  in  ontogeny  ; 34  and  the  discovery  of 
the  independent  development  of  epipubic  supports  for 
the  abdominal  wall  in  the  Amphibia,  Reptilia,  and  Mam¬ 
mals,35  has  lessened  the  value  of  these  as  guides  to  affinity 
to  the  utmost.  Both  in  respect  to  their  fundamental 

constitution  and  disposition,  the  limb-girdles  ol  mammals 
and  certain  of  the  anomodont  reptiles  stand  now  agreed 
and  alone.  That  these  resemblances  are  indicative  of 
mere  convergence  by  independent  modification,  rather  than 
of  a  direct  genetic  relationship,  might  well  appear,  by 
analogy  to  Plaacke36  and  Giacomims3'  discovery  of  the 
independent  acquisition  of  true  vitelline  and  allantoic 
placentae  of  the  mammalian  type  by  the  Scincoids.  That 
they  are  not  so,  however,  is  most  certain,  from  the  fact 
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that  they  go  hand  in  hand  with  a  corresponding  phalan¬ 
geal  formula  and  minor  resemblances  of  a  more  detailed  kind. 

II.  In  Review. 

The  first  of  the  two  monographs  which  have  called  forth 
this  article  deals  with  the  Cetacea,  a  group  of  animals  of 
notoriously  aberrant  organisation,  peculiarly  associated  with 
the  past  history  of  the  science  of  gross  anatomy  in  our 
own  land  ;  and  not  a  few  of  the  more  striking  discoveries 
which  it  announces  have  been  made  during  the  author’s 
study  of  material  preserved  in  our  National  Museum.  The 
interest  which  of  old  centred  in  these  colossal  denizens 
of  the  deep — the  largest  of  all  known  animals  living  or 
extinct — has  of  late  been  materially  increased  (i.)  by  the 
discovery  of  an  apparently  herbivorous  Dolphin  in  the 
Cameroons 38  with  its  anterior  nares  prolonged  up  into  a 
couple  of  tubes,  for  which  a  parallel  exists  only  among 
the  Osteichthyes  and  certain  frugivorous  bats,39  (ii.)  by  the 
surmise  that,  by  analogy  to  certain  Mammals  and  Reptiles 
of  the  past,  their  colossal  stature  may  be  indicative  of  their 
approaching  near  extinction,40  (iii.)  by  the  probable  extermi¬ 
nation  of  one  species  within  recent  years,41  (iv.)  by  the  bold 
generalisation  of  Albrecht42  that  the  living  mammalia  should 
be  divided  into  Cetoid  and  Non-cetoid  sub-classes,  of  which 
the  latter  are  the  more  primitive  (which,  although  more 
sensational  than  sound,  has  served  the  good  purpose  of 
stimulating  research)  ;  and  last,  but  not  least,  (v.)  by  the 
series  of  brilliant  preliminary  communications,  from  time 
to  time  issued  by  the  author  of  the  work  now  under  review. 

The  Kiikenthal  monograph  embodies  the  results  of 
seven  years’  close  and  laborious  investigation,  and  for 
the  first  time  puts  the  study  of  Delphinology  upon  a 
secure  embryological  basis.  It  was  commenced  upon 
material  given  its  author  by  Professor  Haeckel,  and  largely 
continued  upon  that  collected  by  himself  during  a  couple 
of  expeditions  to  East  Spitzbergen,  under  the  auspices  of 
the  Bremen  Geographical  Society,  further  famous  for  the 
capture  of  a  new  variety  of  Lepiciurus ,43  and  material  for 
the  fuller  elucidation  of  the  extremely  rare  Proneomenia 
SluirteriP  The  work  was  published  in  two  parts,  the  first 
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appearing  in  1889  and  the  second  in  1893,  and  it  is  divided 
into  six  chapters  of  variable  length.  The  first  of  these  is 
devoted  to  a  full  description  of  the  skin,  and,  returning  to 
this  in  a  later  chapter,  the  author,  confirming  and  extend¬ 
ing  Gray’s  discovery  of  dermal  ossicles  in  the  Delphioidea, 
builds  up  an  argument  that  the  toothed  whales  may  have 
had  mailed  ancestors.  He  deals  with  the  development  of 
the  limb  skeleton  in  an  almost  exhaustive  manner  ;  and  not 
the  least  remarkable  discovery  is  that  the  numerical  reduc¬ 
tion  of  the  digits  to  four  in  the  whalebone  whales,  other 
than  the  Balaenidae,  well  known,  is  in  Balcenoptera  mus- 
culus  due  to  the  loss  of  the  third  digit,  and  not  to  a 
suppression  from  within  outwards,  supposed  to  be  the  rule 
among  mammalia  generally — a  fact  incidentally  the  more 
interesting  and  suggestive  in  consideration  of  Forbes’s 
discovery45  that  in  tridactyle  birds  it  is  not  always  the 
hallux  that  is  suppressed.  In  dealing  with  the  vexed 
question  of  hyperphalangy,  the  author  formulates  the  facts 
observed  by  himself  and  others  concerning  the  numerical 
variation  of  the  phalanges  at  different  stages  of  growth, 
and  shows  that  in  all  known  cases  their  number  diminishes 
with  age — a  most  interesting  feature,  as  remarkable  as 
unexpected,  inasmuch  as  it  proves  those  forms  which,  like 
the  Platanista ,  may  in  the  adult  state  present  the  character¬ 
istic  mammalian  formula  2  .  3  .  3  .  3  .  3,  to  be  thus  far  the 
most  highly  modified  members  of  the  order.  In  estimat¬ 
ing  the  morphological  value  of  the  supernumerary  pha¬ 
langes,  he  avails  himself  of  Leboucq’s  discovery 46  of  the 
nail  rudiment  and  its  apparent  constancy  of  relationship 
to  the  free  end  of  the  digit  at  observed  stages  in  growth, 
a  discovery  which,  whatever  the  value  of  supernumerary 
elements,  proves  these  to  be  intercalary,  and  deals  the 
death-blow  to  Ryder’s  fascinating  hypothesis47  of  their 
origin  in  catilaginous  rays  of  the  eared-seal  type.  K  liken - 
thal  believes  the  “  supernumerary  phalanges”  to  be  dupli¬ 
cated  and  dismembered  epiphyses,  and  in  support  of  his 
view  falls  back  upon  the  discovery  by  Allen  Thomson 
and  others  of  the  occasional  presence  of  the.se  among  the 
more  normal  mammalia.  hie  records  the  existence  of 
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centralia  in  the  carpus,  and  formulates  the  known 
variations  of  the  carpal  elements  in  general  ;  and  he 
incidentally  describes  an  occasional  cleavage  of  the 
innermost  digit,  and  the  convergent  resemblances  be¬ 
tween  the  Cetacean  and  Ichthyosaurian  paddles.  The 
interest  of  this  topic  has  since  vastly  increased  during 
the  study  of  the  Crocodilia  ;  for  Kiikenthal  himself 
has  shown 49  that  the  fourth  and  fifth  digits  of  these 
animals,  vestigial  in  the  adult,  are  in  the  embryo  hyper- 
phalangeal.  From  this  discovery  he  deduces  a  belief  in 
their  origin  from  more  completely  aquatic,  and  probably 
marine,  ancestors,  of  intense  interest  in  its  bearings  upon 
Rose’s  recent  inquiry 50  into  their  tooth-genesis.  It  seems 
not  a  little  significant  under  this  head  to  reflect  on  the 
striking  similarity,  presumably  due  to  mere  convergence 
under  adaptation  to  a  similar  mode  of  life,  which  the 
rostra  and  teeth  of  the  Cetacean  Platanista  and  the 
Crocodilian  Gavialis,  living  side  by  side  in  the  Ganges, 
present. 

The  third  chapter,  written  conjointly  with  Dr.  Theo¬ 
dor  Ziehen  of  Jena,  deals  with  the  nervous  system,  and 
more  especially  the  homologies  of  the  brain  convolutions 
in  these  animals  and  the  Pinnipedia,  as  compared  with 
those  of  the  leading  orders  of  placental  mammals  ;  and  the 
authors’  conclusions  51  are  considerably  at  variance  with  those 
of  Turner,  published  two  years  later,  in  apparent  ignorance 
of  their  work.  The  authors  deduce  four  laws  of  develop¬ 
ment  and  variation  of  brain  convolution,  and  an  allied 
section  of  the  work  is  devoted  to  the  sense  organs,  the 
nasal  organ  of  the  Cetacea  on  comparative  embryological 
grounds  being  reduced  to  that  of  the  ordinary  mammalian 
type.  The  detailed  facts  recorded,  receive  a  welcome 
corollary  in  Hill’s  52  recent  assertion  that  the  fascia  dentata 
and  olfactory  bulb  are  correlatively  variable  with  each  other 
and  the  olfactory  organ,  and  in  this  section  the  conclusion 
is  emphasised  that  the  Cetacea  of  to-day  may  be  a 
diphyletic  assemblage — a  conclusion  of  no  little  moment, 
in  relation  to  current  belief  in  a  similar  origin  for  other 
great  groups  of  living  animals  of  high  structural  organisation. 
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The  second  part  of  the  treatise  is  devoted  more  especially 
to  embryology,  and  opens  with  an  elaborate  table  of  varia¬ 
tion  in  external  form  during  development.  The  succeeding 
chapter  is  a  most  important  one,  and  deals,  among  other 
things,  with  the  first  indications  of  the  vestigial  hind  limb. 
The  lingual  musculature,  the  study  of  lip-formation  in 
relation  to  lactation  under  water,  the  development  of  the 
external  ear,  and  the  morphology  of  the  mammary  organ, 
are  in  order  considered ;  and  the  volume  closes  with  a 
chapter  on  the  teeth,  in  which,  controverting  the  earlier 
conclusions  of  Eschricht,  Julin,  and  Max  Weber,  the  author 
elaborates  his  now  famous  argument  for  the  origin  of  the 
Cetacea  from  heterodont  diphyodont  ancestors,  with  accom¬ 
panying  numerical  increase  of  their  teeth  by  subdivision — 
on  the  whole  the  most  revolutionary  outcome  of  his  labours. 
He  deals  with  the  variations  upon  this  theme,  and  shows 
that  while,  during  the  foetal  life  of  the  whalebone  whales, 
the  teeth  of  the  milk  set  alone  reach  the  calcified  condition, 
among  the  Odontocoetes,  calcified  milk  and  successional 
teeth  may,  by  fusion,  give  rise  to  a  single  complex  derivative. 

While  there  can  be  no  two  opinions  as  to  the  value  of 

Professor  Kiikenthal’s  observations,  there  are  one  or  two 

side  issues  which,  without  going  into  critical  detail,  call  for 

special  comment.  His  conclusion  that  the  cerebral  furrows 

are  nutritive  depressions  which  mark  the  disposition  of  the 

leading  circulatory  channels,  is  of  especial  interest  at  the 

present  time,  when  it  is  doubtful  whether  the  leading  fissures 

of  the  mammalian  brain  really  mark  out  the  boundaries  of 

localisable  areas  of  response  to  artificial  stimulation.  They 

are  the  more  suggestive  in  consideration  of  Cunningham’s 

surmise  53  that  the  transitory  fissures,  which  appear  in  the 

human  foetus,  only  to  vanish  as  the  vault  of  the  cranium 

increases,  are  of  mere  passing  mechanical  origin,  and 

of  the  most  careful  investigations  of  Forsyth  Major,54 

which  have  quite  recently  shown  us  that  the  Lemurine 

brain  undergoes,  during  the  growth  period,  a  diminution  in 

bulk,  if  not  a  structural  simplification  also,  proportionate  to 

the  rest  of  the  body,  and  that  have  led  him  to  the  startling 

conclusion  that  those  Lemuroids  and  Insectivora,  possessed 
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of  a  small  smooth  brain  and  long  face,  are  perhaps  the  (by 
degradation)  most  aberrant  members  of  their  orders,  rather 
than  the  lowest,  as  has  been  on  all  hands  hitherto  assumed 
— or,  as  Fiirbringer  has  aptly  remarked  of  the  Ratite  Birds, 
that  they  are  “  pseudo -primitive  ”. 55 

His  arguments  concerning  the  origin  of  the  homodont 
dentition,  with  numerical  increase  of  teeth,  by  subdivision 
of  a  less  numerous  heterodont  one,  appear  well  founded  ; 
but  the  assumption  that  the  setting  free  of  the  fangs  of 
the  tooth  of  a  seemingly  senile  Seal,  by  a  process  of  natural 
wearing  away  of  the  crown,  is  indicative  of  the  nature  of 
the  activities  originally  at  work  in  the  evolution  of  the 
Cetacea,  is  an  absurdity  ;  and  the  argument  that,  because 
evidence  of  the  aforementioned  subdivision  is  forthcoming 
in  the  ontogenetic  development  of  the  latter  order,  the 
converse  holds  good,  that  the  heterodont  teeth  of  their 
ancestors  must  have  arisen  by  fusion  of  simple  conical 
teeth  of  an  approximately  reptilian  type,  is  illogical,  if  not 
opposed  to  the  known  revelations  of  palaeontology.  Inci¬ 
dentally  to  this  section  of  his  work,  the  author  reverts 
to  his  investigations  into  the  comparative  odontology  of 
the  Mammalia,  and  to  his  epoch-marking  discovery  that 
the  teeth  of  the  polyprotodont  marsupials  are,  with  the 
exception  of  the  well-known  successional  pre-molar,  all 
of  the  first  or  milk  series.  It  is  not  a  little  remarkable 
that  the  subsequent  investigations  of  Woodward,56  while 
confirming  this  deduction  and  showing  that,  in  all  probability, 
the  single  successional  tooth  so  called  is,  in  the  Macro- 
podidse,  but  a  displaced  member  of  the  common  series, 
variable  in  its  secondary  relationships  with  its  fellows  in 
closely  allied  species,  should  leave  it  at  present  very 
doubtful  if  the  Diprotodont  molars  are  not  of  the  second 
series. 

We  welcome  with  satisfaction  Kukenthal’s  discovery  of 
tegumental  elevations,  like  those  which  in  the  land  mammals 
give  rise  to  the  pinna  of  the  external  ear  ;  but  we  cannot 
accept  his  doubts  concerning  the  real  nature  and  morpho¬ 
logical  value  of  that  structure  originally  described  as  a 
vestigial  pinna  in  the  porpoise  and  white  whale. 


ON  THE  OUTLOOK  OF  VERTEBRATE  MORPHOLOGY.  83 


The  author  promises  a  third  part  of  his  monograph,  to 
be  devoted  to  a  consideration  of  the  soft  parts,  upon  which 
Max  Weber  57  and  Turner  58  have  recently  thrown  so 
much  light,  together  with  a  final  discussion  of  the  position 
of  the  cetacea  in  the  animal  series.  Meanwhile,  he  has 
earned  the  lasting  gratitude  of  all,  in  having  simplified 
our  conceptions  of  the  structural  peculiarities  of  these 
remarkable  creatures,  and  brought  them  into  much  closer 
harmony  with  the  more  normal  placentalia. 

The  dipnoan  fishes,  to  a  consideration  of  the  early 
stages  in  development  of  one  of  which  the  second  of  the 
two  monographs  specially  under  review  contributes  a 
first  instalment,  are  represented  by  three  living  genera  of 
fresh-water  fishes — Ceratodus  in  Queensland,  Protopterus 
in  Tropical  Africa,  and  Lepidosiren  in  the  Amazons— and 
all  doubt  as  to  the  supposed  non-validity  of  the  last- 
named  genus  is  dispelled,  by  the  authoritative  record  of 
six  known  examples  preserved  in  the  European  mu¬ 
seums.59  The  classical  monographs  of  Hyrtl,6"  Gunther ,;1 
and  Huxley62  upon  the  gross  structure  of  these  creatures, 
and  the  supplemental  ones  of  Gegenbaur,63  Wiedersheim,64 
Parker65  and  others,  need  no  comment  here,  except  that, 
in  having  proved  these  fishes  to  differ  from  all  others  in 
proportion  as  they  suggest  the  amphibian  type  of  organi¬ 
sation,  they  bring  us  in  touch  with  an  approximate 
realisation  of  the  characters  demanded  of  those  creatures 
transitional  between  the  aquatic  and  terrestrial  vertebrata 
— a  topic  of  obviously  supreme  interest  and  importance. 

Huxley  has  defined  Ceratodus 66  as  a  ‘‘wonderful 
creature  contrived  for  the  illustration  of  the  doctrine  of 
evolution  ”.  It  cannot,  however,  be  denied  that  the 
experimental  and  morphological  inquiries  into  the  acces 
sory  organs  of  respiration  occurring  among  the  Tropical 
Teleosteans,67  and  those  of  Johannes  Muller68  and  Ramsay 
Wright69  concerning  the  behaviour  of  the  pneumatoccele 
and  aortic  arches  in  Polyterus  and  Amia ,  justify  hesitation, 
in  accepting  the  customary  belief  in  an  intimate  genetic 
relationship  between  the  Dipnoi  and  Amphibia.  The 
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lung-sac  of  the  Dipnoi  is  much  more  lung-like  and  their 
atrial  septum  is  more  complete  than  that  of  some  Urodeles, 
but  the  probability  that  this  simplification  may  be  the 
outcome  of  a  substitution  of  organs,  with  accompanying 
structural  degeneration,  must  not  be  overlooked.  What¬ 
ever  the  truth,  the  Dipnoi  stand  alone  among  fishes  in 
the  possession  of  the  septum  auricularum  and  a  pulmonary 
vein  and  posterior  nostril  ;  and  not  the  least  important 
desideratum  concerning  them,  is  the  settlement  of  the 
question  whether  the  latter  is  or  is  not  the  homologue 
of  that  of  the  terrestrial  vertebrata.  The  belief  in  the 
so-called  archiptcrygial  characters  of  the  paired  fins  of 
Ceratodus  has  not  met  with  general  acceptation ;  and 
although  the  “  archiptcrygium  ”  theory  is  still  upheld  by 
palaeontologists,  the  detailed  characters  of  the  paired 
fins  of  the  Palaeozoic  Selachians  Cladodus  and  the  Xena- 
canthidcE  are  by  no  means  readily  reconcilable  with  those 
of  the  Ceratodus  type.70  And  not  the  leaist  formidable 
difficulty  which  besets  their  argument  is  the  fact  that  the 
biserial  condition  is  not  forthcoming  in  the  pelvic  member 
of  these  old  elasmobranchs.  There  are  not  wanting  those 
who,  with  Haswell,71  believe  that  “the  limb  of  Ceratodiis, 
so  far  from  representing  a  primitive  and  generalised  type,  is, 
as  indeed  we  should  expect  from  various  other  points  in  the 
organisation  of  the  animal,  in  reality  highly  specialised  ”. 

Professor  Semon’s  previous  work  ranks  high  among 
contemporary  scientific  investigation,  and,  if  only  in  con¬ 
sideration  of  the  above-cited  difference  of  opinion  on  a 
subject  so  important  to  the  vertebrate  morphologist  as 
that  which  he  now  has  in  hand,  his  work,  striking  as  it 
does  at  the  very  foundations  of  one  of  the  most  central 
groups  in  the  vertebrate  sub-kingdom,  cannot  fail  to  reveal 
facts  of  a  revolutionary  order.  The  two  short  chapters 
of  his  treatise  thus  far  published  are  largely  prefatory 
in  nature.  They  open  with  a  history  of  the  genus,  and 
an  account  of  its  distribution  and  habits.  The  author 
controverts  the  assumption  of  the  animal’s  alleged  migra¬ 
tion  on  land,  and  confesses  himself,  like  Spencer,7’2  unable 
to  find  evidence  of  the  imagined  summer  sleep,  presup- 
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posed  by  Krefft  on  analogy  to  Protopterus,  making  a 
noble  point  in  his  observation  that  the  period  of  low 
water  in  the  Burnet  River  is  that  of  Ceratodus’  reproduc¬ 
tion.  He  draws  the  remarkable  inference  that  although 
the  animal  devours  vegetable  matter,  it  nourishes  itself 
upon  the  various  small  creatures  associated  therewith, 
chiefly  because  he  has  observed  the  injested  green  food  to 
pass  little,  if  at  all,  changed  through  the  alimentary  canal. 
Concerning  the  functions  of  the  lung-sac,  he  has  made  ex¬ 
periments  which  lead  him  to  the  conclusion  that  that  organ 
is  chiefly  functional  during  respiration  in  bad  or  insuf¬ 
ficient  water,  and  the  experiments  show  not  a  little  analogy 
to  those  of  Day  and  others  made  upon  Tropical  Siluroids 
and  other  fish  already  alluded  to.  It  is  unfortunate  that 
he  should  not  have  ascertained  the  results  of  complete 
deprivation  of  access  to  the  surface  of  clear  water. 

Disposing  briefly  of  the  few  observations  made  on 
oviposition,  the  author  proceeds  to  consider  the  external 
phenomena  of  development,  up  to  the  time  of  first 
appearance  of  the  pelvic  fins  ;  and  furnishes  in  illustration 
eight  magnificent  plates.  Cleavage  of  the  egg  is  total 
and  unequal,  and  comparable  in  important  aspects  to  the 
amphibian  type.  There  is  nothing  in  the  development  of 
the  posterior  nostril,  as  thus  far  observed,  in  any  way 
opposed  to  the  supposition  that  it  is  homologous  with 
that  of  the  terrestrial  vertebrata.  The  first  appearance 
of  end-organs  upon  and  in  the  neighbourhood  of  the  lateral 
line  in  the  form  of  papillate  upgrowths  appears  of  special 
interest,  in  relation  to  Fritsch’s  discovery'0  of  “spaltpa- 
pillen  ”  in  the  lateral  line  region  of  Elasmobranchs.  The 
pectoral  fin  is  at  first  rounded  in  contour  with  a  central 
tapering  axial  lobe  ;  but  with  enlarging  growth  (as  judged 
by  the  drawings)  it  loses  its  regularity  and  assumes  a 
more  angular  and  ordinary  fish-like  shape. 

There  are  no  traces  of  either  larval  gills  or  suctorial 
apparatus  ;  and  the  author,  laying  stress  upon  this, 
controverts  the  view  that  the  suctorial  mouth  of  the 
amphibian  larva  is  a  reminiscence  of  a  cyclostome  stage 
in  evolution.  We  most  heartily  agree  with  him.  The 
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view  that  the  amphibian  metamorphosis  is  recapitulatory  is 
now  losing  ground.74  The  entire  absence  of  metamor¬ 
phosis  in  the  Urodela,  and  of  horny  teeth  and  sucking  lips 
in  the  tadpole  of  Xenopus ,  the  wholly  aquatic  anuran, 
are  formidable  difficulties  in  the  way  of  its  acceptation  ; 
and  the  mind  reverts  rather  to  the  inner  gills  and  retention 
of  branchial  passages  by  the  Derotremata  as  an  infinitely 
surer  mark  of  the  fish. 

Professor  Semon’s  material  was  accumulated  during 
a  two  years’  sojourn  in  Australia  and  the  Malay  Archi¬ 
pelago,  and  in  his  prospectus  he  tells  of  the  acquisition,  in 
additions  of  embryos  and  adults,  of  Monotremes,  Marsu¬ 
pials  and  Sirenians,  together  with  members  of  the  leading 
classes  of  the  animal  kingdom.  He  has  apparently  more 
than  covered  the  ground  gone  over  by  our  countryman, 
Caldwell,  years  ago.  While,  as  Englishmen,  we  confess 
to  a  feeling  of  bitter  regret  that  the  Caldwell  collections 
should  have  been  allowed  to  remain  in  oblivion,  under 
the  cosmopolitanism  of  true  science,  we  rejoice  in  the 
present  prospect,  and  in  the  wisdom  of  Professor  Semon’s 
having  distributed  his  material  among  specialists  of  recog¬ 
nised  ability,  for  immediate  investigation. 

Professor  Semon’s  expedition  was  undertaken  at  the 
expense  of  Dr.  Paul  von  Ritter,  who  eight  years  ago  en¬ 
dowed  the  Professorship  of  Phylogeny  in  the  University  of 
Jena,  which  bears  his  name,  and  the  spirit  of  his  noble 
liberality  and  enterprise  is  being  followed  by  Gustav 
Fischer,  in  the  magnificent  manner  in  which  the  two 
great  treatises  before  us  are  being  published.  It  is  a 
matter  of  sincere  congratulation  that  the  University  of 
Jena,  which  has  done  so  much  for  the  study  of  the 
Invertebrata,  is  now  becoming  the  centre  of  special  work 
upon  the  opposite  sub-kingdom. 

The  monograph  is  prefaced  by  a  brief  account  of  the 
expedition,  and  some  general  remarks  upon  the  countries 
visited.  In  connection  with  the  scheme,  Professor  Haeckel 
has  written  an  introductory  essay  upon  the  generalities  of 
the  Australian  fauna.  Great,  however,  as  must  be  the 
regard  in  which  men  of  science  hold  the  work  of  the 
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distinguished  Zoologist  of  Jena,  it  must  be  frankly  ad¬ 
mitted  that  his  present  essay  loses  much  of  its  force  for 
want  of  proper  recognition  of  palaeontology. 

III.  In  Conclusion. 

It  will,  I  trust,  be  sufficiently  evident,  from  the 
promise  given  by  the  two  treatises  afore-considered,  and 
the  tendencies  of  contemporary  investigations  cited,  that 
the  outlook  in  vertebrate  morphology  is  rosy  beyond 
anticipation.  During  the  period  of  the  close  of  which 
the  former  are  so  conspicuous  a  feature,  that  steady  work 
which  tells  most  in  the  long  run  has  been  progressing  on 
all  hands.  The  combined  energies  of  Flirbringer,76  See- 
bohm 77  and  Gadow  78  have  given  us  revised  classifications 
of  birds.  Both  at  home  and  in  the  New  World  the 
remains  of  Dinosaurs  of  unexpected  beauty,  hideousness, 
and  structural  aberration  combined,  have  been  unearthed  ; 
and  the  clue  to  the  affinities  of  the  anomalous  “  Enalio- 
sauria  ”  has  been  obtained.81  Our  American  brethren  have 
dazzled  us  with  a  galaxy  of  Mammalian  remains  of 
bewildering  complexity,  which,  while  they  have  materially 
modified  our  conceptions  of  the  inter-relationships  and 
elucidated  the  phylogeny  of  the  Placentalia,  show  to  us 
that,  beyond  doubt,  in  Eocene  times  these  mammals  were 
having  their  day,  and  branching  out  into  innumerable 
specialised  varieties  destined  to  near  extinction.  The  Old 
World  has  yielded  us  links  in  the  anomalous  giraffine 
series  of  mammals.82  Steady  work  in  the  palaeontology 
of  fishes  has  largely  cleared  up  the  mystery  of  the  “  Placo- 
dermi,”83  and,  in  correlation  with  that  of  Huxley84  and 
Boas 85  on  the  living  Osteichthyes,  has  laid  low 86  the 
assumed  sub-ordinal  value  of  the  Ganoidei.  Advancing 
investigation  has  so  far  demonstrated  the  enormity  of  the 
structural  gap  between  the  higher  fishes  and  the  Marsi- 
pobranchii,  as  to  have  justified  their  removal  from  the 
truly  piscine  category ; 8'  and  the  pineal  eye,  so  recently 
independently  discovered  by  De  Graaf8S  and  Spencer,8 
the  structural  features  of  which  in  these  animals  have 
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been  found  suggestive  of  a  morphologically  paired  nature, 
has  recently  become  the  centre  of  a  renewed  interest, 
in  the  assertion90  that  it  appears  early  in  development 
as  one  of  two  pairs  of  bilaterally  symmetrical  organs, 
serially  recurrent  with  the  paired  eyes.  And  the  far-reach¬ 
ing  significance  of  this  (if  true)  is  none  the  less  interesting, 
in  view  of  the  long-recognised  suggestion  of  a  paired 
nature  by  the  median  Crustacean  eye,  and  the  fact  of  the 
persistence  of  this  in  adults  of  even  the  Decapod  group.91 

On  all  hands  one  meets  with  reform  by  progres¬ 
sive  development  along  continuous  lines  of  inquiry, 
with  sure  indications  that  true  progress  in  science 
does  not  march  by  leaps  and  bounds,  but  by  an  evolu¬ 
tionary  process  of  gradual  unfolding,  under  which  each 
step  in  advance  bears  the  impress  of  those  immediately 
antecedent  to  it.  Future  historians  will  unmistakably 
have  to  chronicle  error  due  to  the  too  exclusive  devotion 
to  pure  embryology,  which  so  unconsciously  lends  itself 
to  over-generalisation,  and  to  the  attempt  to  force  the 
extinct  into  a  too  rigid  classification  with  the  living. 
Experience  shows  that  whole  groups  of  animals  have 
dropped  out  of  existence,  and  that  the  exclusive  study 
of  the  embryology  of  animals,  like  that  “  of  ana¬ 
tomy  ”  of  plants,  lends  itself  to  the  accumulation  of 
meaningless  detail,  as  does  that  of  mere  histology  to 
a  sort  of  laborious  idleness.  The  study  of  ontogenetic 
development  must  be  pursued  hand  in  hand  with  that  of 
adult  of  anatomy  and  palaeontology 92 — gross  morphology  if 
anything  leading  the  way — the  three  being  as  fully  inter¬ 
dependent  as  are  the  allied  pursuits  of  histology  and 
experimental  physiology.  It  cannot  be  denied  that,  for 
the  bare  want  of  appreciation  of  this  principle,  much  that 
has  been  written  within  the  period  which  we  have  named 
has  become,  in  its  own  time,  valueless  ;  and  it  is  only  by 
rigid  adherence  to  this  that  the  study  of  animal  morphol¬ 
ogy  can  retain  that  honoured  position  among  the  sciences 
of  which  its  devotees  are  justly  proud. 
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CHEMICAL  PHYSIOLOGY. 


IPRELER  the  term  Chemical  Physiology  to  that  of 
Physiological  Chemistry,  because  the  branch  ot 
science  of  which  I  have  to  treat  here  is  a  department  of 
physiology  rather  than  of  chemistry  proper.  A  glance 
through  the  various  journals  of  physiology,  both  in  this 
country  and  abroad,  will  show  how  very  largely  the  chemi¬ 
cal  aspect  of  this  subject  is  studied  and  investigated  at  the 
present  time.  I  propose  in  my  present  article  to  give  a 
summary  of  the  most  important  of  these  papers,  which  have 
been  published  recently,  especially  those  that  appeared  last 

year. 

Carbohydrates. — Glycogen  has  been  the  subject  of 
numerous  researches.  S.  Frankel  (Pfhigers  Archiv ,  lii. 
125)  has  introduced  a  new  method  of  preparing  this  sub¬ 
stance  from  the  animal  tissues.  It  consists  in  the  use  of 
a  2-4  per  cent,  solution  of  trichloracetic  acid  as  the  ex¬ 
tracting  agent.  Erankel  also  regards  it  as  probable  that 
living  cells  do  not  contain  glycogen  as  such,  but  in  the  form 
of  a  complex  compound  with  proteid  material.  Frankel  s 
method  has  been  severely  criticised  by  W eidenbaum  (ibid., 
liv.  319),  who  shows  that  the  acid  solution  does  not  merely 
dissolve  glycogen,  but  a  considerable  quantity  of  proteid  as 
well  ;  moreover,  a  certain  amount  of  glycogen  is  left  in  the 

tissue. 

V.  Kistyakoffsky  (/.  Russ.,  Ckem.  Soc .,  xxv.  60)  recom¬ 
mends  a  very  similar  method  of  cold  extraction  of  gl}  cogen, 
using  a  1-2  per  cent,  solution  of  hydrochloric  acid. 

The  specific  rotatory  power  of  glycogen^ is  given  by 
Erankel  as  (a)D  =  197*891°.  Huppert  {Zeit.  physiol. 

Client .,  xviii.  137)  gives  this  value  as  196  63  . 

Huppert  ( Centr .  Physiol .,  vi.  394;  Zeit.  physiol.  Chem., 
xviii.  144)  finds  that  glycogen  is  present  in  blood  (5  to  10 
milligr.  per  litre  in  ox-blood)  and  in  pus.  The  leucocytes 
are  the  source  of  the  glycogen  found  here.  G.  Salomon 
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( Centr .  Physiol .,  vi.  512)  points  out  that  he  observed  these 
facts  as  far  back  as  1877.  Dr.  Noel  Paton  (Brit.  Med. 
Jour.,  1893,  ii-  682)  has  investigated  the  influence  of  fever 
on  the  glycogen  of  the  liver ;  a  high  body  temperature 
diminishes  the  hepatic  glycogen,  the  reducing  substance  of 
the  blood  being  correspondingly  increased,  probably  indi¬ 
cating  sugar  formed  from  the  glycogen.  A  paper  by 
Dewevre  (Conipt.  Rend.  Soc .  Biol.,  1892,  19)  gives  the  rate 
of  disappearance  of  glycogen  from  the  liver  and  muscles  of 
frogs  during  the  period  of  hibernation. 

Coming  next  to  the  sugars,  that  in  the  blood  is  proved 
to  be  dextrose  by  the  phenyl-hydrazine  test  (Pickardt,  Zeit. 
physiol.  Cheni.,  xvii.  217),  as  is  also  that  in  muscular  tissues 
(Panormoff,  ibid.,  xvii.  596).  The  conversion  of  maltose 
into  dextrose  is  found  to  be  accomplished  by  the  mucous 
membrane  of  the  intestine,  probably  partly  by  the  intestinal 
juice,  and  in  part  by  the  cells  themselves  ;  the  lymphoid 
cells  appear  to  be  less  important  for  this  purpose  than  the 
epithelium  cells  (Shore  and  Tebb,  Proc.  Physiol.  Soc.,  1892, 
19).  A  diastatic  ferment  in  blood  serum  and  lymph  dis¬ 
covered  by  M.  Bial  (Pfluger’s  Archiv,  Hi.  137)  differs  from 
similar  ferments  by  converting  starch,  not  into  maltose,  but 
into  dextrose.  The  carbohydrates  of  normal  urine  have 
been  investigated  by  K.  Baisch  (Zeit.  physiol.  Chem .,  xviii. 
1 93)  by  the  benzoic  chloride  method.  Two  were  found, 
one  of  which  gives  the  tests  for  dextrose.  With  regard 
to  diabetes,  F.  Voit  (Zeit.  Biol.,  xxix.  129)  finds  that  carbo¬ 
hydrate  is  not  available  as  a  proteid-sparing  food  in  this 
condition,  and  (ibid.,  147)  that  galactose  does  not  increase 
the  hepatic  glycogen,  though  it  causes  a  rise  in  the  sugar  of 
the  urine.  Diabetic  coma  can  be  produced  in  dogs  by 
intravascular  injection  of  sugar,  but  it  is  probably  produced 
by  the  formation  of  acid  products  therefrom  (V.  Harley, 
Brit.  Med.  Jour.,  1893,  ii.  666;  four.  Physiol.,  xv.  139; 
Proc.  Roy.  Soc.,  liv.  179). 

Bats. — The  melting-point  and  composition  of  butter 
from  cows  variously  fed  has  been  treated  by  A.  Meyer 
(Landw.,  Versuchs-Stat .,  xli.  15),  and  the  composition  of 
over-ripe  cheese  by  A.  Maggiora  (Exper.  St  at.  Record, 


CHEMICAL  PHYSIOLOGY . 


93 


iv.  98).  O.  Frank  [Arch.  Anal.  unci  Physiol .,  physiol. 
Abth .,  1892,  49)  shows  in  dogs  that  absorption  of  fats 
continues  to  a  considerable  extent  after  ligature  of  the 
thoracic  duct.  In  a  long  polemical  paper  Pfliiger  (Pfliiger’s 
Arch .,  li.  229)  discusses  the  question  as  to  whether  fat 
originates  from  proteid  in  the  body  ;  he  admits  the 
possibility,  but  strenuously  urges  that  proteid,  and  proteid 
alone,  is  the  source  of  muscular  energy.  The  complex 
fats  of  nervous  tissues  have  been  investigated  by  A. 
Kossel  and  F.  Freytag  [Zeit.  physiol.  Chem .,  xvii.  431); 
they  find  the  substance  protagon  is  not  a  single  material, 
but  there  is  more  than  one  protagon.  They  yield 
derivatives  called  cerebnn,  kerasin  and  encephahn,  in 
addition  to  lecithin,  which  again  appears  to  consist  of 
several  varieties. 

Proteids  and  Albuminoids. — The  subject  of  fractional 
heat  coagulation  in  connection  with  the  proteids  of  egg 
white  has  been  the  subject  of  two  papers  one  by  Rams- 
den  {Proc.  physiol.  Soc.,  1892,  23),  who  does  not  believe 
in  the  value  of  the  method  ;  the  other  by  Hewlett  ( Jour. 
Physiol.,  xiii.  493),  who  defends  it.  The  latter  observer 
has  also  {ibid.,  798)  subjected  the  proteids  of  milk  to  a 
rigorous  examination  ;  he  finds  that  in  addition  to  casein- 
ogen  and  lactalbumin,  cow’s  milk  contains  minute  traces 
of  a  globulin.  For  the  most  recent  work  on  crystallisable 
vegetable  proteids,  the  reader  should  consult  a  paper  by  T. 
B.  Osborne  {Amer.  Chem.  Jour.,  xiv.  662).  The  proteid 
reactions  have  been  the  subject  of  an  exhaustive  research 
by  J.  W.  Pickering  {Jour.  Physiol,  xiv.  347),  the  most 
important  results  being  that  cobalt  salts  give  charactenstic 
colour  plays  in  alkaline  solutions  of  proteids,  which  like 
those  produced  by  the  closely-related  metals,  copper  and 
nickel,  differ  in  the  classes  of  native  proteids,  and  the 
products  of  proteolysis  (proteoses  and  peptones)  respec¬ 
tively.  Native  proteids  give  with  cobalt  a  heliotrope- 
purple;  proteoses  and  peptone,  a  red-brown.  It  is  pro¬ 
bable  that  these  reactions  with  metals,  which  include  the 
well-known  biuret  reaction,  are  due  to  the  presence  an 
arrangement  of  a  CONH  group. 
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Nucleic  acid,  the  organic  acid  which  contains  the 
phosphorus  in  nucleins,  and  nucleo-albumins  has  been  the 
subject  of  renewed  research  by  A.  Kossel  and  J.  Horbac- 
zewski  ( Ckem .  Centralbl. ,  1893,  787,  788).  The  former 
has  investigated  the  chemical  side  of  the  question,  and 
the  latter  re-affirms  his  position  on  the  formation  of  uric 
acid  from  the  nuclei  of  cells.  In  connection  with  this 
subject,  it  is  necessary  to  allude  to  an  important  work  by 
L.  Lilienfeld  and  A.  Monti  (Zeit.  physiol.  Chew.,  xvii.  410), 
who  by  the  use  of  ammonium  molybdate  and  a  reducing 
agent  (pyrogallol)  have  been  able  to  demonstrate  the 
presence  of  phosphorus  in  the  tissues  and  organs  micro- 
chemically. 

We  next  come  to  the  investigations  which  relate  to 
the  proteids  obtainable  from  various  tissues  and  organs. 
C.  T.  Morner  [Zeit.  physiol.  Chein .,  xviii.  61)  has  examined 
the  proteids  of  the  crystalline  lens  ;  he  finds  two  globulins 
which  he  designates  crystallin-a  and  crystallin-/3,  a  trace 
of  albumin,  and  an  insoluble  albuminoid.  In  a  later 
paper  treating  of  the  other  refractive  media  of  the  eye 
(ibid.,  xviii.  213)  he  deals  especially  with  their  mucinoid 
constituents. 

The  proteids  of  liver  and  kidney  cells,  and  of  nervous 
tissues,  have  been  studied  by  W.  D.  Halliburton  (Jo2ir. 
Physiol .,  xiii.  806,  xv.  90) ;  he  devotes  special  attention  to 
the  nucleo-albumins,  the  substances  which  Wooldridge 
termed  tissue-fibrinogens.  He  has  introduced  a  new 
method  of  preparing  them,  and  finds  that  they  produce 
intravascular  coagulation,  as  when  prepared  by  Wooldridge’s 
method,  even  when  freed  from  all  lecithin.  L.  Liebermann 
(Pfluger’s  Archiv ,  1.  25,  55,  liv.  573)  has  introduced  the 
term  lecithalbumin.  This  compound  he  has  separated 
from  intestinal  epithelium  cells,  and  from  kidney  cells,  by 
subjecting  them  to  gastric  digestion  ;  the  insoluble  nuclein¬ 
like  residue  contains,  he  believes,  lecithin  in  actual 
combination. 

The  proteids  of  spleen  and  thyroid  are  similar  to  those 
obtained  from  other  cellular  organs.  There  is,  however, 
this  point  of  interest  to  be  noted,  namely,  that  the  colloid 
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substance  in  the  thyroidean  acini  is  not  mucin  ;  it  yields 
no  sugar  on  treatment  with  mineral  acid,  and  it  gives 
evidence  of  phosphorus  by  Lilienfeld’s  new  method  ;  pre¬ 
sumably  it  is  a  nucleo-albumin  (Gourlay,  Proc.  Physiol.  Soc 
1893,  viii. ). 

The  peptones  have  been  the  subject  of  three  important 
papers;  one  by  Klihne  ( Zeit .  Biol.,  xxix.  1),  who  enters  with 
full  details  into  the  use  of  ammonium  sulphate  for  the  sepa¬ 
ration  of  peptones  from  proteoses,  and  defends  his  position 
against  the  attacks  of  Pekelharing,  who  does  not  consider 
that  any  essential  difference  exists  between  peptone  and 
proteose.  Klihne  also  investigated  the  diffusibility  of  these 
substances,  and  obtained  the  curious  result  that  deutero- 
proteose  is  less  diffusible  than  proto-proteose,  a  result  inde¬ 
pendently  obtained  also  by  Chittenden  (J our.  Physiol .,  xiv. 
483)  in  a  comparative  study  of  artificial  and  natural  digestion. 
The  second  paper  treats  of  the  chemical  structure  of  peptones, 
and  is  written  by  Schiitzenberger  ( Coinpt .  Rend.,  cxv. 
a  well-known  worker  in  this  field ;  and  the  third  of  an 
important  physiological  property  ot  these  substances  by 
Starling  ( Jour .  Physiol .,  xiv.  131)-  When  injected  into  the 
blood,  “  peptone  ”  produces  loss  of  power  of  coagulation  , 
the  peptone  leaves  the  blood  by  the  urine,  via  the  lymph. 
It  can  be  detected  by  adding  to  blood  01  lymph  an  equal 
volume  of  ten  per  cent,  solution  ot  trichloracetic  acid  ,  this 
precipitates  the  normal  proteids  of  these  fluids,  and  the 

peptone  is  discoverable  in  the  filtrate. 

In  reference  to  albuminuria  the  most  important  paper 
of  the  year  is  by  D.  Noel  Paton  (Proc.  Roy.  Soc.  Edin. , 
xix.  102),  who  has  observed  the  unique  phenomenon  of  the 
occurrence  of  a  crystalline  globulin  in  human  urine. 

The  most  important  papers  on  albuminoids  are  the  fol¬ 
lowing:  On  mucin  in  bone,  by  R.  A.  Young  (Jour.  Physiol. , 
xiii.  803),  who  finds  that  mucin  is  absent  from  compact 
bone,  the  ground  substance  being  entirely  calcareous.  On 
synovial  mucin,  by  E.  Salkowski  (Virchows  Archw,  cxxxi. 
304);  this  substance  appears  to  be  neither  true  mucin  nor 
nucleo-albumin  ;  it  contains  no  phosphorus  but  yields  no 
reducing  substance.  In  an  important  paper  by  O.  Ham 
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marsten  on  human  bile  ( Konigi ,  Gesellsch.  der  Wis sense h. , 
Upsala,  June,  1893),  addition  to  numerous  analyses,  the 
statement  is  made  that  the  mucin  is  true  mucin,  not  nucleo- 
albumin  as  in  ox-bile.  Chitin  has  been  the  subject  of  two 
papers  by  N.  P.  Krawkow  ;  he  points  out  (Central.  Med. 
Wiss.,  1892,  145)  that  this  substance  gives  a  reaction  with 
iodine  like  the  albuminoid  material  found  in  waxy  degenera¬ 
tion  :  he  further  (. Zeit .  Biol.,  xxix.  1 17)  from  an  examination 
of  various  invertebrate  skeletons  states  that  several  varieties 
of  chitin  exist. 

Nutrition. — This  wide  term  includes  the  subjects  of 
digestion  of  foods,  and  their  value  in  general  metabolism. 
Under  the  first  head,  the  papers  of  Ktihne  and  Chittenden 
on  peptones  and  Hammarsten  on  bile  have  been  already 
mentioned  in  preceding  paragraphs.  In  addition  to  these 
there  are  other  papers  of  which  the  most  important  are 
the  following  :  On  pancreatic  juice  in  different  animals,  by 
Harris  and  Gow  ( Jour .  Physiol .,  xiii.  469)..  The  tryptic 
ferment  was  found  most  constantly  present,  then  the  ren- 
netic,  then  the  diastatic  ;  the  fat-splitting  ferment  was  often 
absent,  and  no  special  fat-emulsifying  agent  was  ever  found. 
On  hydrolytic  ferments,  by  H.  Hildebrandt  (Virchow’s 
Archiv ,  cxxxi.  5)  ;  this  relates  chiefly  to  the  toxic  effects 
of,  and  fate  in  the  body  after  subcutaneous  injection  of  rennin, 
emulsin,  and  invertin.  A  certain  amount  of  immunity  is 
brought  about  by  the  administration  of  successive  very 
small  doses  of  these  agents.  On  putrefaction  in  the 
intestines,  by  C.  Schmitz  (Zeit.  physiol.  Chem .,  xvii.  401). 
Here  it  is  shown  that  milk  lessens  putrefaction,  as  evi¬ 
denced  by  the  fall  of  ethereal  sulphates  in  the  urine  ; 
casein  not  lactose  is  probably  the  antiseptic  agent.  Hydro¬ 
chloric  acid  in  man  but  not  in  dogs  acts  in  the  same  way. 
On  the  acids  of  ox-bile,  by  Lassar-Cohn  (ibid.,  xvii.  617); 
this  gives  quantitative  analyses. 

The  papers  on  general  metabolism  are  more  numerous. 
H.  Hildebrandt  (ibid.,  xviii.  180)  confirms  with  careful 
experiments  the  already  well-known  fact  that  albumoses 
have  a  high  nutritive  value.  E.  Krauss  (ibid.,  xviii.  167) 
points  out  that,  in  calculating  the  value  of  nitrogenous 
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food,  the  loss  from  intestinal  putrefaction  is  a  factor  to  be 
reckoned  with  ;  and  F.  Hirschfeld  ( Bert '.  klin .  Woch .,  xxx. 
324),  who  has  shown  that  less  proteid  is  compatible  with 
health  than  was  formerly  supposed,  insists  that  the 
weight,  volume,  and  digestibility  of  proteid  food  are  as 
important  in  the  construction  of  dietaries  as  the  considera¬ 
tion  of  their  chemical  composition.  C.  Schulz-Schultz- 
enstein  ( Zeit .  physiol.  Chem.,  xviii.  131)  shows  that  infu¬ 
sions  of  tea  and  coffee  considerably  impede  artificial  gastric 
digestion.  Allied  questions  are  taken  up  by  L.  Breisacher 
{Dent.  med.  Woch.,  1891,  No.  48),  who,  by  experiments 
on  himself,  determined  that  87  grammes  of  albumin  are 
sufficient  per  diem  ;  by  C.  Adrian  (Zeit.  physiol.  Chem ., 
xvii.  616),  who  shows  in  dogs  the  increased  value  of  proteid 
food  when  taken  in  four  successive  meals  in  the  day  instead 
of  all  in  one  dose  ;  by  W.  Heerlein  (Pfl tigers  Archiv,  lii. 
165),  who  shows  that  in  rabbits  the  value  of  coffee  is  due  to 
its  stimulant  action  on  the  nervous  system,  and  that  it  is  not 
a  food. 

The  never-ending  subject  of  alcohol  has  been  the  cause 
of  several  papers,  among  which  may  be  particularly  men¬ 
tioned  one  by  C.  v.  Noorden  ( Berl .  klin.  Woch.,  1891,  No. 
23),  who  concludes  that  the  calories  of  alcohol  are  well 
utilised  with  richly  nitrogenous  food,  but  not  otherwise  ;  and 
another  by  Strassman  (PAiiger’s  Archiv,  xlix.  315))  who 
calculated  that  90  per  cent,  of  alcohol  in  moderate  doses  is 
utilised  in  the  body. 

A  number  of  other  papers  on  the  nutritive  value  of 
foods  and  drugs  we  can  only  mention  in  passing  ;  these 
are  :  on  the  nutritive  value  of  bread,  by  Zuntz  and  Magnus- 
Levy  (ibid.,  xlix.  438)  ;  of  asparagine,  by  G.  Politis  (Zeit. 
Biol.,  xxvii.  492),  and  by  J.  Mauthner  (ibid.,  xlix.  5°7)  5  °f 
acetic  acid,  by  A.  Mallevre  (P Auger’s  Archiv,  xlix.  460), 
and  of  cellulose,  by  N.  Zuntz  (ibid.,  xlix.  477)  5  on  the 
absorption  of  iron,  see  Kunkel  (ibid.,  1.  1),  Macallum 
(Proc.  Roy.  Soc .,  1.  277),  R.  Stockman  (Brit.  Med.  Jour., 
1893,  h  881,  942),  and  C.  T.  Morner  (Zeit.  physiol.  Chem., 
xviii.  13). 

On  general  metabolism,  there  are  several  important 
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papers.  Thus  we  find  one  by  Pfliiger  (Pfliiger’s  Archiv , 
lii.  239),  which  is  interesting,  but  long  and  very  polemical. 
It  relates  to  nutrition  with  carbohydrate  and  flesh,  and  with 
carbohydrate  alone.  It  is  a  critical  account  of  the  older 
experiments  of  Pettenkofer  and  Voit  on  this  subject.  By 
feeding  on  carbohydrate  alone,  fat  is  seldom  formed,  but  in 
the  admixture  of  carbohydrate  with  flesh,  it  is  the  car¬ 
bohydrate  and  not  the  proteid  of  the  meat  that  accounts 
for  the  fat  deposited.  Another  polemical  paper  is  by 
Seegen  ( Chem .  Centr .,  1892,  ii.  84),  who,  replying  to 
Pfliiger,  maintains  that  sugar  is  normally  produced  in  the 
liver,  especially  from  proteid,  and  that  sugar  is  the  source  of 
all  the  energy  of  the  body. 

The  general  metabolism  in  a  child  fourteen  months  old 
has  been  investigated  by  W.  Camerer  ( Zeit .  Biol.,  xxix. 
227)  ;  the  most  noteworthy  fact  appears  to  be  the  relatively 
small  output  of  uric  acid. 

Metabolism  during  inanition  has  been  the  subject  of 
two  papers  ;  in  one  by  Prausnitz  (Zeit.  Biol.,  xxix.  151)  the 
period  of  inanition  lasted  for  two  days  ;  the  chief  point 
noticed  being  that  on  the  second  day  the  output  of 
nitrogen  is  often  as  large  as,  often  larger  than,  on  the  first 
day.  The  other  paper,  of  which  the  authors  are  C. 
Lehmann,  F.  Muller,  I.  Munk,  H.  Senator  and  N. 
Zuntz,  forms  a  large  supplement  of  228  pages  to  volume 
cxxxi.  of  Virchow’s  Archiv.  The  subjects  of  experiment 
were  professional  fasters,  and  the  fast  lasted  in  one  case 
ten,  in  another  six  days.  The  names  of  the  authors  are 
sufficient  guarantee  that  the  observations  are  of  a  thorough 
kind ;  indeed,  we  have  here  the  most  complete  account 
extant  of  the  conditions  of  starvation.  The  various 
portions  of  the  subject,  urine,  respiration,  circulatory  organs 
and  so  forth,  were  divided  among  the  investigators,  and 
perhaps  the  most  curious  fact  that  strikes  one  on  reading 
this  exhaustive  treatise  is  that  after  all  the  changes  from 
the  normal  were  so  small. 

Respiration. — The  papers  relating  to  this  subject  have 
not  been  so  numerous  as  usual.  Dr.  Marcet  ( Proc .  Roy. 
Soc .,  1.  58)  has  continued  his  researches  on  the  ratio  be- 
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tween  the  absorption  of  oxygen  and  formation  of  carbonic 
anhydride  in  human  respiration.  J.  Haldane  and  J.  L. 
Smith  {Jour.  Pathol,  and  B act eriol.,  i.  318)  have  performed 
experiments  on  Merkel’s  plan,  which  were  found  to  lend 
no  support  to  Brown-Sequard’s  hypothesis,  that  air  con¬ 
tains  a  special  organic  poison.  These  results  confirm  the 
previous  statement  by  the  authors,  that  the  only  toxic 
substance  in  expired  air  is  carbonic  anhydride.  Respira¬ 
tion  in  fishes  has  been  investigated  by  C.  Duncan  and 
F.  Hoppe-Seyler  {Zeit.  physiol.  Chem xvii.  165)  ;  the 
influence  of  light  on  gaseous  interchange  by  C.  A.  Ewald 
{jour.  Physiol.,  xiii.  84),  who  finds  the  influence  is  not 
appreciable  if  muscular  action  is  eliminated  ;  the  influence 
of  fatiguing  muscular  work  on  the  respiratory  interchange 
by  A.  Loewy  (Pfluger’s  Archiv ,  xlix.  405).  He  finds  that 
when  work  is  excessive  the  normal  ratio  between  intake 
and  output  is  upset,  and  the  respiratory  quotient  rises  : 
and  that  during  fatigue  more  muscular  activity  is  ex¬ 
pended  in  doing  a  certain  amount  of  work  than  when 
the  muscle  is  fresh.  Another  paper  may  be  here  alluded 
to,  though  it  does  not  treat  directly  on  respiration  ;  it 
is  on  the  action  of  nitrites  on  muscular  tissue ;  the 
authors  are  J.  T.  Cash  and  W.  R.  Dunstan  {Proc.  Roy. 
Soc .,  lii.  91);  the  full  paper  has  since  appeared  in  the 
Phil.  Trans,  (vol.  clxxxiv.;  1893,  p.  505),  and  though  it 
treats  more  especially  of  a  pharmacological  subject,  will 
be  found  to  present  many  points  of  interest  to  physiologists 
also. 

Gaseous  tension  in  the  blood  and  serum  of  peptonised 
animals  is  treated  of  by  V.  Grandis  {Real.  A cc ad.  Line .,  vii., 
ii.  471)  ;  the  gaseous  tension  of  carbonic  anhydride  is 
increased  in  these  animals  in  the  venous  blood.  The 
quantity  of  free  carbonic  anhydride  in  the  serum  is 
slightly  increased  ;  that  of  combined  carbonic  anhydride 
considerably  diminished.  The  blood  gases  during  anaes¬ 
thesia'  have  been  analysed  by  Oliver  and  Garrett  {Brit. 
Med.  four.,  1893,  ii.  683)  ;  an  excess  of  nitrogen  was 
found. 

Blood  and  Pigments. — The  coagulation  of  the  blood 
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has  been  studied  by  A.  E.  Wright  ( Jour .  Pathol,  and 
Bacteriol. ,  i.  434),  by  Lilienfeld  ( Arch .  Physiol .,  1892, 
1 15;  Verb.  d.  Physiol.  Ges.,  Berlin,  1891-2,  No.  16), 
and  by  Halliburton  and  Brodie  (Brit.  Med.  Jour.,  March, 
18  and  25,  1893,  also  ibid.,  1893,  lL  T33)*  aH  °f  these 
the  influence  of  the  work  of  Wooldridge  and  Pekelharing 
is  seen.  All  agree  in  the  importance  now  attributed  to 
nucleo-albumin,  and  the  idea  of  a  ferment  is  becoming 
subsidiary.  The  blood-platelets,  which  Lilienfeld  shows 
to  consist  of  nucleo-albumin,  seem  to  be  very  generally 
regarded  as  disintegration  products  of  the  colourless 
corpuscles.  Wright  specially  insists  on  the  important 
part  played  by  carbonic  anhydride  in  the  coagulation 
process. 

The  blood  corpuscles  have  been  studied  by  Bleibtreu 
(Pfhiger’s  Archiv,  li.  151  ;  lii.  323),  and  by  Lange 
(ibid.,  lii.  427).  These  investigators  devised  an  ingenious 
method  of  estimating  the  volume  of  the  corpuscles  by 
estimating  the  nitrogen  by  Kjeldahl’s  method  in  mixtures 
of  blood  and  salt  solution,  and  in  the  serum  of  the  same 
blood.  Their  results,  however,  are  invalidated  by  the 
erroneous  assumption  that  the  salt  solutions  employed 
have  no  solvent  or  osmotic  action  on  the  corpuscles. 
This  is  fully  pointed  out  by  Hamburger  (Centr.  Physiol., 
June  17,  1893,  and  Jan.  24,  1894),  who  has  also  ex¬ 
tended  his  observations  on  the  osmotic  phenomena  of 
blood  corpuscles  in  relation  to  acids  and  alkalies  (Du 
Bois  Reymond’s  Archiv,  1892,  513  ;  Rec.  Trav.  Chem., 
ii.  61). 

The  dissociation  of  oxyhaemoglobin  in  aqueous  solu¬ 
tions  has  been  afresh  investigated  by  Hiifner  (Zeit. 
physikal.  Chem.,  ii.  794) ;  and  a  number  of  respiratory 
pigments  in  invertebrates,  which  play  the  same  role  as 
haemoglobin  in  those  animals,  have  been  the  subject  of 
numerous  papers  by  A.  B.  Griffiths  (“On  Echinochrome,” 
Compt.  Rend.,  cxv.  419  ;  “  On  Haemerythrin,”  ibid.,  cxv. 
669;  “A  Colourless  Respiratory  Globulin  in  Molluscs 
Blood,”  ibid.,  cxv.  474,  1206). 

Perhaps,  however,  the  most  interesting  paper  on 
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haemoglobin  that  has  recently  appeared  is  that  by  Y. 
Inoko  [Zeit.  physiol.  Chem .,  xviii.  57),  and  the  following  is 
a  brief  rdsumd  of  it.  Hoppe-Seyler,  and  later  Jaquet, 
showed  that  the  blood  crystals  from  birds  contain  phos¬ 
phorus  ;  this  has  been  explained  by  the  presence  of  a 
nucleus  in  their  blood  corpuscles.  The  present  investiga¬ 
tion  relates  to  (1)  whether  nucleic  acid  can  be  obtained 
from  birds’  blood  crystals,  and  (2)  whether  an  analogous 
crystalline  compound  can  be  obtained  by  adding  nucleic 
acid  to  the  oxyhsemoglobin  of  mammals’  blood.  The 
answer  to  the  first  question  is  in  the  affirmative,  as 
adenine  was  obtained  from  the  crystals.  With  regard 
to  the  second  point,  oxyhsemoglobin  was  prepared  from 
horses’  blood,  and  dissolved  in  a  solution  of  nucleic  acid, 
and  cooled  to  o°  C.,  when  a  substance  crystallised  out  in 
prisms,  which  contained  0*4  per  cent,  of  phosphorus  ;  that 
is  approximately  the  same  as  in  the  blood  crystals  of  the 
goose. 

The  blood  pigment  leads  one  next  to  speak  of  the 
use  of  iron  in  the  form  of  anaemia  called  chlorosis.  A 
number  of  papers  on  the  absorption  of  iron  have  already 
been  alluded  to  under  the  head  of  nutrition.  In  addition 
to  these,  three  more  must  be  mentioned ;  the  first  by 
E.  L.  Jones  [Brit.  Med.  Jour.,  1893,  b7°)>  whose 

observations  are  chiefly  on  the  specific  gravity  of  the 
blood  in  this  condition ;  the  second  by  C.  T.  Morner 
[Zeit.  physiol.  Chem.,  xviii.  13);  on  the  whole  Morner 
supports  Bunge’s  views  of  the  modus  operandi  of  iron  as 
a  drug ;  he,  however,  finds  that  iron  salts  are  not 
general  antiseptics,  but  their  usefulness  depends  on  the 
readiness  with  which  they  form  the  sulphide  and  so  re¬ 
move  hydrogen  sulphide  from  the  alimentary  canal.  I  he 
third  paper  is  by  R.  Stockman  [Brit.  Med.  Jour.,  1893, 
i.  881),  and  contains  the  strongest  evidence  yet  adduced 
against  Bunge’s  view  and  in  favour  of  that  which  teaches 
that  the  iron  given  as  a  drug  is  itself  assimilated.  The 
main  grounds  on  which  this  conclusion  is  based  are  the 
following:  (1)  Iron  inorganic  compounds  cure  chlorosis 
when  given  hypodermically ;  (2)  sulphide  of  iron  itself 
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cures  chlorosis  ;  (3)  bismuth,  manganese  and  other  drugs 
which  are  just  as  capable  as  iron  of  combining  with 
hydrogen  sulphide,  do  not  cure  chlorosis. 

In  reference  to  animal  pigments,  other  than  those 
contained  in  blood,  the  only  paper  worth  mentioning  is 
that  by  Prof.  Church  (. Proc .  Roy.  Soc.,  li.  399)  on  the 
peculiar  copper-containing  pigment  found  in  the  feathers 
of  certain  birds,  and  to  which  he  has  given  the  name 
turacin. 

Urine. — A  good  many  references  have  already  been 
made  to  papers  in  which  a  consideration  of  the  urine 
forms  part.  Those  which  have  not  been  already  men¬ 
tioned  are  the  following  : — 

“  The  Work  of  the  Kidney,”  by  W.  H.  Thompson 
(Brit.  Med.  Jour.,  1893,  ii-  68 1)  ;  the  experiments  made 
on  dogs,  in  which  the  urine  was  collected  after  the  intra¬ 
venous  administration  of  atropine  and  morphine,  showed 
a  diminution  of  secretion  which  could  not  be  explained 
by  interference  with  blood  pressure  ;  this,  taken  with  the 
fact  that,  heat  is  produced  in  the  kidney  during  its  work, 
tends  to  the  belief  that  some  of  the  urea  is  formed  in  the 
kidney  itself,  and  that  this  process  of  true  secretion  is 
lessened  by  drugs  which  produce  similar  effects  in  other 
glands. 

“Foetal  Urine,”  by  L.  A.  Helme  (ibid.,  1893,  1261); 
a  small  quantity  accidentally  obtained  during  delivery  was 
found  to  contain  urea  (0*15  per  cent.),  creatinine  and 
chlorides,  but  no  phosphates,  sulphates,  sugar,  or  albu¬ 
min.  Eight  hours  after  birth,  sugar,  albumin,  and 
phosphates  were  absent,  but  sulphates,  chlorides,  creati¬ 
nine  (in  larger  amounts),  and  urea  (0*3  per  cent.)  were 
present. 

With  regard  to  individual  constituents  of  the  urine  the 
following  papers  may  be  noted  :  “A  quantitative  study  of 
the  phosphates  of  a  horse’s  urine,”  by  L.  Liebermann 
(Pfluger’s  Archiv,  1.  57)  ;  “  On  urobilin,”  by  F.  Grimm 
(Virchow’s  Archiv,  cxxxii.  246),  who  finds  this  pigment 
absent  in  fasting  urine  ;  and  by  A.  Eichholz  (Jour.  Physiol., 
xiv.  326),  who  regards  hydrobilirubin  as  an  intermediate 
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stage  between  bilirubin  and  urobilin  ;  on  hsematoporphyrin, 
by  A.  E.  Garrod  ( Jour .  Physiol .,  xv.  108),  who  considers 
this  substance  to  be  a  constituent  of  normal  urine  which 
is  much  increased  in  a  variety  of  pathological  conditions  ; 
and  by  L.  Zoja  (Cent.  Med.  Wiss.,  1892,  705),  who 
compares  together  the  properties  spectroscopic  and  other¬ 
wise  of  hsematoporphyrin  and  uroerythrin.  He  regards 
MacMunn’s  urohaematoporphyrin  as  a  mixture  of  hsemato¬ 
porphyrin  with  urobilin.  On  uric  acid,  by  G.  Salomon  (Vir¬ 
chow’s  A rchiv,  cxxxii.  170).  In  relation  to  Horbaczewski’s 
work,  the  author  advances  a  claim  for  priority.  C.  Wulff 
(Zeit.  physiol.  Chem.,  xvii.  634)  criticises  Horbaczewski’s 
work  on  the  formation  of  uric  acid  from  nuclein,  which, 
however,  that  observer  has  since  defended  (see  para¬ 
graph  on  Proteids).  On  Phenol  in  urine  a  paper  by 
Kossler  and  Penny  (ibid.,  xvii.  117)  gives  sin  excellent 
account  of  the  methods  of  estimating  this  substance 
volumetrically. 

A  number  of  papers  on  sugar  in  urine  will  be  found 
referred  to  in  the  paragraph  on  Carbohydrates.  .  In  addi¬ 
tion  to  these  the  student  of  diabetes  should  consult  the 
following:  the  Relation  of  the  Urinary  Carbohydrsites  to 
Humous  Substance,  E.  Salkowski  (ibid.,  xvii.  229);  on 
/3-hydroxybutyric  acid  in  the  organism  by  T.  Araki  (ibid., 
xviii.  1);  here  support  is  lent  to  Minkowski’s  theory  that 
acetone  sind  aceto-acetic  acid  originate  from  this  substance. 
There  are  also  a  number  of  papers  on  artificial  diabetes, 
namely,  on  Pancreatic  diabetes  (V.  Harley,  Brit.  Med. 
Jour.,  1892,  ii.  451);  and  on  Phloridzin  diabetes  by 
Cremer  and  Ritter  (Zeit.  Biol.,  xxvii.  459,  xxix.  256), 
by  W.  Prausnitz  (ibid.,  xxix.  168),  and  by  M.  Cremer 
(ibid.,  xxix.  157).  These  work  out  various  points  of 
detail  in  connection  with  this  subject  but  do  not  add 
anything  striking  to  our  knowledge  of  the  diabetic 
condition. 

One  other  abnormal  condition  of  the  urine  remains  to 
be  mentioned,  and  here  H.  Embden  (Zeit.  physiol.  Chem., 
xvii.  182)  fully  confirms  Baumann  and  Wolkow’s  con 
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elusions  that  alcapton  is  identical  with  homogentisic  acid, 
and  that  it  takes  origin  in  the  body  from  tyrosine  by  an 
abnormal  metabolic  process. 

W.  D.  Halliburton. 
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EPIGENESIS  OR  EVOLUTION. 

DES  Sages  appeles  a  eclairer  la  Monde  ont  choque 
les  regies  de  la  logique  la  plus  commune.  Us 
ont  juge  du  terns  ou  les  parties  d’un  animal  ont  commence 
d’exister  par  celui  ou  elles  sont  commence  a  devenir  visibles  ; 
et  tout  ce  qu’ils  ne  voyaient  point,  n’existoit  point.” 

These  words,  written  by  Bonnet  nearly  a  century  and 
a  quarter  ago,  are  expressive  of  the  belief  in  the  evolu¬ 
tionary  theory  of  development,  then  universally  accepted 
in  spite  of  the  labours  of  Harvey  and  C.  F.  Wolff.  This 
evolutionary  doctrine,  after  being  thoroughly  discredited  by 
the  labours  of  the  embryologists  of  the  last  fifty  years,  is  now 
with  us  again,  not  perhaps  in  its  old  form,  the  evolutionists 
of  to-day  are  anxious  to  repudiate  that,  but  in  a  form  which 
differs  from  the  old  one  only  because  of  the  more  numerous 
accumulation  of  facts  and  observed  sequences  which  the 
theory  is  called  upon  to  explain. 

The  evolution  doctrine  in  its  earliest  phases  was  crude 
enough :  An  animal  was  supposed  to  pre-exist  fully  formed 
and  complete  within  the  egg,  but  as  a  miniature,  generally 
so  small  as  to  be  unrecognisable  by  the  eye,  even  when 
aided  by  the  best  optical  instruments  then  in  use.  This 
somewhat  singular  view  was  founded  chiefly  on  a  supposed 
observation  of  Malpighi,  who  had  affirmed  that  he  had  seen 
the  body  of  the  chick  in  the  egg  at  the  time  at  which  it 

was  laid  and  before  it  had  been  incubated.  The  observa- 
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tions  of  Swammerdam  on  the  development  of  the  frog  tended 
to  confirm  this  view,  but  it  is  evident,  from  a  perusal  of 
Swammerdam’s  work  and  a  study  of  his  drawings,  that  he 
must  have  been  strongly  predisposed  in  favour  of  the  evolu¬ 
tion  theory  and  have  deceived  himself  in  looking  for  the 
“  prseformatio,”  which  he  figures,  though  nothing  like  it 
exists. 

This  pre-existent  miniature  of  the  future  animal  was 
supposed  to  nourish  itself  and  grow,  not  in  the  way  that  we 
now  understand  the  process,  but  by  taking  in  ready-made 
material  particles  and  packing  them  amongst  the  particles  of 
its  own  body,  which  was  thereby  caused  to  expand,  unfold 
and  develop,  just  as  gelatine  is  caused  to  swell  up  when 
soaked  in  water.  The  pre-existent  germ,  it  was  supposed, 
was  stimulated  to  this  course  of  development  by  fecundation, 
by  which  process  its  latent  or  potential  activities  were 
awakened,  a  conception  which  has  been  nearly  faithfully 
repeated  within  the  last  eighteen  months.1 

It  must  not  be  thought,  however,  that  the  evolutionists 
of  the  eighteenth  century  were  by  any  means  unanimous  in 
accepting  so  very  crude  a  theory.  As  physical  and  chemical 
phenomena  came  to  be  better  understood,  so  was  this  theory 
seen  to  be  more  and  more  unsatisfactory,  and  Bonnet,  who 
accepted  it  with  all  its  consequences  in  his  earlier  years,  was 
led  in  his  later  writings  to  make  very  considerable  modifi¬ 
cations  in  his  views.  He  no  longer  regarded  the  germ  as 
an  organised  body  reduced  to  miniature,  but  as  “an  original 
preformation  from  which,  as  from  its  immediate  principle,  an 
organic  whole  may  be  produced  The  conception  of  a 
pre-existing  entity  in  the  germ,  as  thus  expressed,  is  not 
very  different  from  the primordhtm  vegetale  of  Harvey,  and, 
if  allowance  be  made  for  the  great  difference  that  there  is 
between  the  knowledge  of  the  minute  structure  of  animal 
tissues  of  to-day  and  that  of  a  hundred  years  ago,  it  bears 

1  Durch  die  Befruchtung  werden  also  nach  rneinen  Auffassung  zunachst 
kinetische  Energieen  der  direkten  Entwickelung  produziert  oder  ausgelost. 
W.  Roux,  Beitrage  zur  Entwickelungsmechanik  des  Embryo  ( Referate  ii 
Beitrage  zur  Anatomie  und  Entwickelungsgeschichte ,  Bonnet  and  Merkel 
Anat.  Hefte ,  bd.  ii.,  p.  293). 
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a  tolerably  strong  resemblance  to  some  of  the  most  recent 
theories  that  have  been  put  forward. 

In  estimating  the  value  of  the  doctrines  of  the  older 
biologists  this  fact  should  not  be  lost  sight  of,  that  for  want 
of  good  microscopes  and  of  proper  methods  of  microscopical 
investigation,  they  were  very  far  from  having  those  clear 
and  definite  conceptions  of  minute  structure  which  we  now 
possess.  The  conclusions  to  which  they  arrived  may  have 
been,  indeed  they  often  were,  very  ingenious  and  acute,  but 
the  want  of  definite  ideas  of  cell  structure  and  cell  division, 
and,  above  all,  the  want  of  a  sufficient  number  of  instances 
taken  from  all  parts  of  the  animal  kingdom,  is  apt  to  lead 
us  to  underestimate  the  value  of  their  generalisations  when 
compared  with  the  very  similar  results  obtained  in  the  pre¬ 
sent  day.  It  is  certainly  a  striking  fact  that  the  most 
minute  and  elaborate  researches  of  the  last  few  years  have 
led  the  course  of  biological  speculation  back  to  the  point  of 
view  of  Haller  and  Bonnet  in  the  eighteenth  century,  and 
have  threatened  to  discredit  altogether  the  opposite  doctrine 
of  epigenesis,  which,  as  the  result  of  the  cell  theory  of 
Schleiden  and  Schwann,  and  the  accumulated  work  of 
embryologists  from  the  time  of  Von  Bar  and  Rathke 
onwards,  seemed  to  be  triumphant  all  along  the  line. 

The  doctrine  of  epigenesis,  really  due  to  Aristotle,  but 
elaborated  and  definitely  propounded  by  Harvey,  is  simply 
a  statement  of  the  observed  and  observable  facts  in  the 
ontogeny  of  any  multicellular  organism.  In  the  egg,  what¬ 
ever  may  be  its  shape  in  its  mature  condition,  one  cannot, 
by  any  optical  aid  or  chemical  methods,  recognise  any 
structure  more  complex  than  that  which  is  characteristic  of 
a  simple  cell.  This  is  an  incontrovertible  fact  which  has 
over  and  over  again  been  insisted  upon,  and  in  spite  of  the 
recent  additions  to  our  knowledge  of  cell  structure,  the  same 
statement  which  was  made,  and  more  than  once  repeated 
in  Balfour’s  Embryology,  holds  as  good  to-day  as  it  did  ten 
years  ago,  namely,  “that  the  ovum  in  its  young  condition 
is  obviously  nothing  but  a  simple  cell,  and  such  it  remains 
till  the  period  when  it  attains  to  maturity  ”.  The  circum¬ 
stance  that  we  are  now  able  to  recognise  in  the  ovum  several 
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varieties  of  protoplasm,  that  we  generally  acknowledge  the 
chromatin  substance  of  the  nucleus  to  have  some  special 
effect  in  determining  the  mode  of  cleavage,  and  that  we 
have  a  far  more  exact  knowledge  of  the  phenomena  dis¬ 
played  by  the  nucleus  during  maturation,  fecundation,  and 
division  than  we  had  at  the  time  when  Balfour  wrote,  does 
not  in  any  degree  invalidate  the  above  statement.  The 
extrusion  of  the  polar  bodies  and  the  fusion  of  the  male  and 
female  pronuclei  are  indeed  phenomena  which  are  peculiar 
to  the  germ  cell ;  but  when  the  fusion  has  taken  place,  all 
that  may  be  predicated  of  the  oosperm  may  with  equal  force 
be  predicated  of  any  other  cell  in  the  organism.  As  the 
result  of  impregnation  we  do  not  see  an  altered  ovum  nor  an 
altered  nucleus.  We  know  that,  in  fact,  the  ovum  has  got 
rid  of  part  of  its  nuclear  substance  by  the  extrusion  of  the 
polar  bodies,  and  that  the  portion  thus  lost  has  been  made 
up  by  the  union  of  the  male  pronucleus  with  the  remainder 
of  the  egg  nucleus.  We  infer  that  an  important  conjunc¬ 
tion  of  material  has  been  effected,  and  the  subsequent 
history  of  the  oosperm  and  a  consideration  of  the  facts  of 
heredity  forces  us  to  the  conclusion  that  the  union  of  these 
minute  particles  of  matter  has.  in  fact,  been  of  the  utmost 
importance  ;  but  further  than  this  we  cannot  go  with  cer¬ 
tainty  ;  all  beyond  is  conjecture  which  has  a  greater  or 
less  amount  of  probability,  according  as  it  enables  us  to 
explain,  in  a  reasonable  and  logical  way,  a  greater  or  less 
number  of  observed  facts  and  sequences.  The  subsequent 
history  of  the  oosperm,  that  is  of  the  ovum  after  it  is 
impregnated,  is  an  absolute  demonstration  of  epigenesis 
in  the  sense  in  which  it  was  understood  by  Harvey  and 
by  Caspar  Friederich  Wolff.  It  is,  as  has  been  aptly  said 
by  Herbert  Spencer,  a  progression  from  the  simple  and 
homogeneous  to  the  complex  and  heterogeneous  ;  there 
is  no  unfolding  of  parts  already  existent,  but  a  successive 
formation  of  new  parts,  which  were  not  previously  existent 
as  parts.  This  is  a  point  which  must  be  insisted  upon  ; 
it  was  insisted  upon  clearly  and  distinctly  by  Wolff  in  his 
Theoma  Generationis ,  and  his  argument  stands  unshaken 
to-day  as  it  did  when  he  first  wrote  it.  Epigenesis  is  a 
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statement  of  morphological  fact  ;  it  is  not,  and  does  not 
pretend  to  be,  an  explanation  of  those  facts.  There  may 
be,  in  all  probability  there  is,  we  may  even  go  so  far  as  to 
say  with  Weismann  that  there  must  be,  some  great  com¬ 
plexity  of  matter  underlying  those  gross  and  sensible  form 
changes  which  are  all  that  the  best  powers  of  our  micro¬ 
scopes  can  make  evident  to  our  senses,  but  that  is  an 
inference  which  we  are  at  present  unable  to  verify.  Tis¬ 
sues,  organs,  structures  which  can  be  apprehended  by  our 
senses,  and  demonstrated,  are  not  present  as  such  in  the 
ovum  ;  they  are  gradually  and  successively  established  in 
the  course  of  ontogeny,  “ Alios  post  alias  natas ,  or  dine 
quasque  suo  emergentes ,”  just  as  Harvey  wrote  of  them  in 
the  seventeenth  century. 

Those  who  now  contend  for  an  evolutionary  theory 
of  development,  as  the  only  possible  mode  of  explaining 
the  facts  of  heredity,  occupy  the  same  position  towards 
the  doctrine  of  epigenesis  as  Wolff  occupied  with  respect 
to  Bonnet.  The  argument  in  both  cases  is  the  same  : 
you  cannot  see  these  miniature  structures,  says  Bonnet, 
what  right  have  you  to  say,  therefore,  that  they  do  not 
exist?  The  answer  of  Wolff  is  clear  and  philosophical: 
“  Omnino,  quidquid  sensibus  non  patet,  quod  ideo  non 
existat,  absolute  non  potest  affirmari.  Interim  vero  plus 
elegantiae  quam  veritatis  hoc  principium  habet,  ad  haec 
experimenta  applicatum.  Partes  constitutivae,  ex  quibus 
omnes  corporis  animalis  partes  in  primis  initiis  componun- 
tur  sunt  globuli,  mediocri  microscopio  cedentes  semper. 
Ouis  autem  diceret,  se  non  potuisse  corpus  videre  propter 
exiguitatem,  cujus  tamen  particulae  constituentes  propter 
exiguitatem  ipsum  fugere  nescirent  ?  Nemo  unquam 
efhcacioris  lentis  ope  partes  detexit  quas  non  statim 
vilioris  notae  microscopio  deprehenderit.  Aut  enim  nullo 
modo  deprehenduntur,  aut  satis  magnae  apparent.  Ab- 
sconditae  igitur  partes  propter  infinitam  parvitatem,  indeque 
emergentes,  fabulae  sunt  .  .  .  et  tandem  quando  incipiant 
vasa  existere,  et  quomodo  incipiant  ad  oculum  demonstrabo. 

1 C.  F.  Wolff,  Theoria  Generationis,  ed.  Nov.  Aucta  et  emendata, 
1777,  P-  94- 
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The  demonstration,  remarkably  complete  when  the 
conditions  of  work  are  considered,  follows.  It  ap¬ 
pears  to  me,  though  it  may  be  a  reactionary  view  to 
take,  that  for  morphologists,  who  professedly  make  a 
study  of  form ,  the  doctrine  that  “  parts  which  are  hidden 
because  of  their  infinite  smallness,  and  gradually  emerge 
from  it,  are  fables,”  is  an  extremely  wholesome  one.  I 
do  not  wish  to  be  misunderstood  in  this  matter.  The 
various  “gemmules,”  “  plastidules,”  “micellae,”  “  inotag- 
mata,”  “plasms,”  “  biophors,”  the  whole  company  of 
assumed  existences  demanded  for  the  theoretical  expla¬ 
nation  of  observed  facts,  has  been  no  doubt  extremely 
useful  in  its  proper  place,  and  has  done  much  to  stimu¬ 
late  inquiry  and  give  precision  and  definite  direction  to 
research.  But  we  should  remember  always  that  they 
are,  one  and  all  of  them,  fabulce ;  they  are  not  sensible 
existences,  and  they  have  not  even  the  value  of  the 
analogous  assumptions,  atoms  and  molecules,  because, 
unlike  these  last,  thev  cannot  be  made  serviceable  for 
calculations,  they  cannot  be  put  to  the  test  of  a  rigorous 
logical  method.  There  is  a  time  and  a  place  for  all 
things,  for  scientific  speculation  and  for  statement  of 
scientific  fact  ;  it  seems  to  me  that  speculation  is  out  of 
place  when  the  existences  which  it  assumes  are  incorporated 
into  statements  of  fact,  and  when  the  course  of  events 
which  it  has  pictured  is  held  to  have  overthrown  a 
doctrine  so  firmly  and  satisfactorily  founded  on  fact  as 
that  of  epigenesis. 

I  am  not  raising  a  ghost  for  the  purpose  of  laying  it. 
Weismann,  who  began  by  seeking  for  an  epigenetic 
theory  of  development,  has  altogether  given  up  the 
attempt  in  his  last  work,  and  he  states  frankly  that  he  is 
an  exponent  of  an  evolutionary  doctrine.  Thus,  “Spencer’s 
theory  is  epigenetic,  Darwin’s  evolutionary ;  in  this  re¬ 
spect  the  latter  is,  in  my  opinion,  superior  to  the  former  " } 

1  The  Germ  Plasm,  a  theory  of  Heredity  by  August  Weismann, 
translated  by  W.  Newton  Parker  and  Harriet  Ronnfeldt.  London  :  W. 
Scott,  Limited,  1893,  P-  5- 
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Wilhelm  Roux  is  no  less  positive:  “Das  Ei  schon 
von  vornherein  aus  ensprechend  vielen  verschiedenen 
Teilen  zusammengesetzt  sein  muss,  dass  die  Entwicke- 
lung,  also  wesentlich  Metamorphose  von  Mannigfaltigkeit, 
Evolution  in  unserem  Sinne  ist,  trotz,  der  formalen 
Epigenesis  C.  F.  Wolff’s”.1  Roux,  however,  seems  to 
be  inconsistent  in  describing  the  evolutionary  product, 
the  cell  aggregate,  as  a  “mosaic  work,”  an  inconsistency 
to  which  I  shall  have  occasion  to  refer  later  on. 

Finally,  we  have  the  opinion  of  C.  O.  Whitman,  who 
in  a  very  able  paper2  calls  into  question  the  whole 
cell  doctrine,  and  gives  his  adherence  to  the  evolutionary 
theory  in  the  most  unmistakable  manner.  He  says 
“  that  organisation  precedes  cell  formation  and  regulates 
it,  rather  than  the  reverse,  is  a  conclusion  that  forces 

itself  upon  us  from  many  sides  ”. 

I  am  not  going  to  accuse  any  of  these  authors,  who 
are  far  too  acute  to  fall  into  such  an  error,  of  confusing 
the  issue  between  epigenesis  and  evolution  to  the  extent 
which  might  appear  from  these  quotations.  Epigenesis, 
as  Roux  states,  is  a  formal  statement  of  the  observed 
facts  of  ontogeny.  It  has  been  pressed  into  the  service 
of  speculation,  and  attempts  have  been  made,  we  shall 
see  shortly  that  they  still  are  being  made,  to  form  an 
epigenetic  theory  to  explain  the  causes  of  heredity.  It 
is  likely  enough  that  these  attempts  have  been  hitherto 
failures;  but  the  fact  that  the  imaginary  and  theoretical 
superstructure  has  proved  to  be  flimsy  does  not  in  the 
least  affect  the  solidity  of  the  building,  on  which  the 
superstructure  was,  in  truth,  a  mere  excrescence.  There 
•  is  some  reason  to  fear  that,  unless  a  protest  is  raised,  the 
failure  of  the  attempts  to  form  hypotheses  explaining 
the  causes  of  developmental  phenomena  on  epigenetic 
grounds,  will  discredit  the  doctrine  of  epigenesis  as  a 
statement  of  the  observed  facts  of  development.  Weis- 


1  W.  Roux,  loc.  cit p.  284. 

a  C.  O.  Whitman,  “The  Inadequacy  of  the  Cell  Theory,”  Journal  of 
Morphology ,  vol.  viii.,  August,  1893. 


112 


SCIENCE  PROGRESS. 


mann,  for  one,  has  thoroughly  understood  the  distinction,1 
but  as  he  is  more  concerned  with  the  establishment  of  his 
own  evolutionary  theory  than  with  the  definition  and  limi¬ 
tation  of  epigenesis  as  a  statement  of  observed  fact ,  there 
is  danger  that  the  passages  in  which  he  makes  the  dis¬ 
tinction  will  be  overlooked,  and  that  his  deservedly  great 
authority  will  be  made  use  of  by  those  who  wish  to  relegate 
epigenesis  to  the  limbus  fatuorum.  There  must  be  no 
mistake,  epigenesis  is  a  fact,  not  a  theory  ;  it  is  only  when  we 
attempt  to  analyse  the  phenomena  of  development  still 
further,  to  go  behind  the  appearances  which  are  familiar  to 
all  those  who  have  ever  studied  the  embryology  of  a  few 
multicellular  organisms,  and  to  seek  for  some  explanation  of 
appearances  and  sequences  of  which  we  recognise  the  form 
but  do  not  understand  the  essence,  that  we  are  thrown  back 
on  a  theory  which  in  some  measure  resembles  that  of  the 
physiologists  of  the  eighteenth  century.  Bonnet  was  per¬ 
fectly  right  when  he  cast  ridicule  upon  those  who  asserted 
that  things  which  could  not  be  seen  could  not  therefore 
exist.  This  is  admitted  at  once  by  Wolff  in  the  passage 
quoted  above,  but  Wolff  was  not  without  reason  when  he 
said  that  this  principle  had  more  elegance  than  truth  in  it, 
when  applied  to  the  phenomena  under  consideration.  The 
existence  of  material  particles  having  form  and  figure,  which 
are  nevertheless  beyond  the  ken  of  our  vision,  even  when 
aided  by  the  very  best  microscopes,  can  neither  be  affirmed 
nor  denied  by  the  morphologist.  That  there  are  such  things 
as  ultimate  vital  units  of  which  many  millions  may  be  re- 

1  “  If,  however,  the  id  has  a  right  and  left  half  in  bilateral  animals, 
we  must  not  thereby  infer  that  it  is  merely  a  miniature  of  the  fully  formed 
animal,  and  that  therefore  we  are  once  more  dealing  with  the  old  theory 
of  preformation.  Quite  apart  from  all  conjectures  as  to  the  detailed 
architecture  of  the  id  of  germ  plasm  ;  it  is  at  any  rate  certain  that  the 
arrangement  of  the  determinants  is  quite  different  from  that  of  the  cor¬ 
responding  parts  in  the  fully  formed  organism.  This  is  proved  by  a 
study  of  development,  and  need  not  detain  us  here.  Any  one  with  a 
knowledge  of  animal  embryology  knows  how  great  a  difference  there  is 
between  the  mode  of  development  of  the  parts  from  one  another  in  the 
embryo,  and  their  respective  relation  in  the  mature  organism  ”  {op.  cit ., 
P-  65). 
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quired  to  form  a  single  cell,  is  no  doubt  a  probability.  Un¬ 
less  we  take  refuge  in  such  unmeaning  phrases  as  formative 
forces,  vital  principles,  and  the  like,  we  are  obliged  to  assume 
some  material  unit,  the  basis  of  the  phenomena  of  life.  But 
we  can  hardly  go  as  far  as  Weismann  and  assert  that  a  par¬ 
ticular  kind  of  unit,  protean  though  its  constitution  may  be, 
his  biophor,  must  exist,  and  is  therefore  no  mere  hypothetical 
affair,  but  a  reality.  To  assert  this  is  surely  almost  as  much 
an  error  as  to  assert  that  no  such  units  do  exist.  Practically 
when  we  have  passed  beyond  the  limits  of  vision  we  have 
entered  upon  the  region  of  the  unknown,  possibly  of  the 
unknowable,  and  convenient  as  it  may  be  to  have  a  hypo¬ 
thesis  which  will  enable  to  represent  facts  to  ourselves  in 
an  intelligible  way,  we  ought  to  be  very  cautious  in  our 
statement  of  the  hypotheses.  The  arguments  of  those  who 
plead  for  the  existence  of  infinitesimal  units,  whether  micellae 
or  pangenes  or  biophors  or  what  not,  amount  to  this  :  so 
far  we  have  been  able  to  observe  with  our  senses,  but  the 
things  which  we  have  observed  remain  unintelligible  to  us  ; 
reason  tells  us  that  behind  all  this  there  must  be  something 
which  we  are  at  present  unable  to  observe,  and  analogy 
leads  us  to  believe  that  this  something  is  in  the  form  of 
material  particles.  Excellent  philosophy,  but  is  it  physical 
science?  And  if  the  material  units  are  conceded,  is  the 
difficulty  as  regards  vital  phenomena  in  any  way  diminished  ? 
Is  it  not  simply  moved  further  back?  To  continue  with 
Weismann’s  hypothesis,  the  most  complete  and  the  most 
ably  sustained  of  any  that  has  been  put  forward  :  the  bio¬ 
phors  exhibit  the  primary  vital  forces,  assimilation  and 
metabolism,  growth  and  multiplication  by  fission  ;  they  are 
also  the  bearers  of  the  qualities  of  cells,  by  which  is  meant 
that  each  biophor  has  a  quality  of  its  own  which  it  is 
capable  of  impressing  on  the  cell  of  which  it  forms  a  part. 
As  each  biophor  is  capable  of  reproduction  giving  rise  by 
fission  to  its  like,  it  hands  on  the  particular  quality  inherent 
in  it,  that  is  to  say,  it  has  heritable  qualities,  which,  how¬ 
ever,  are  not  of  much  importance,  since  every  biophor  is 
isotropic,  capable  of  further  change  by  a  rearrangement  of 
its  constituent  molecules.  Truly  a  protean  being,  this 


SCIENCE  PROGRESS. 


114 

biophor,  as  soon  as  one  tries  to  lay  hold  of  it  in  one  shape 
it  appears  under  another  ;  but  the  point  to  which  I  wish  to 
draw  attention  is  not  this,  but  the  fact  that  the  biophor  is 
credited  with  all  the  vital  capacities  of  the  cell,  and  that 
in  explaining  the  vital  phenomena  of  cells  by  reference  to 
biophors,  the  difficulties  are  only  moved  further  back  ;  the 
vital  activities  of  biophors  are  still  unexplained.  The  ex¬ 
istence  of  ultimate  vital  units  could  be  affirmed  with  much 
greater  certainty  if  we  were  able  to  infer  from  their  assumed 
structure,  or  their  motion  relative  to  one  another,  that  certain 
consequences  must  follow,  and  to  demonstrate  that  such  con¬ 
sequences  do  follow  as  a  matter  of  fact.  It  is  the  possibility 
of  doing  this  which  gives  so  high  a  value  to  the  atomic 
theory,  but  we  are  far  from  being  able  to  do  it  in  the  case 
of  the  hypothetical  vital  units.  Weismann  makes  the 
attempt,  but  he  is  obliged  to  confess  that  “as  long  as  we 
know  practically  nothing  about  the  forces  which  act  in  and 
among  biophors,  it  will  be  impossible  to  offer  an  explanation 
of  (a  mechanico-physiological)  kind  ’’d 

The  evolutionary  theories  which  have  lately  been  put 
forward  are  not,  therefore,  of  the  nature  of  a  general 
statement  of  fact,  but  are  assumptions  made  in  order  to 
explain  the  causes  of  observed  phenomena  ;  they  are  de¬ 
pendent  upon  reason,  not  on  observation,  and  they  differ 
from  the  analogous  theories  of  the  last  century  chiefly 
in  this,  that  the  latter  were  founded  in  the  first  instance 
on  an  erroneous  observation — that  of  Malpighi — whereas 
the  former  are  inferences  from  a  very  large  number  of 
accurate  and  verified  observations.  There  is  naturally  a 
very  wide  difference  between  the  resulting  theories,  and 
the  probability  of  the  latter-day  hypothesis  is  antecedently 
of  a  very  much  higher  order  than  that  of  the  older,  although 
the  underlying  idea  is  the  same  in  both  cases.  The  argu¬ 
ment  for  the  new  evolutionary  theory  may  briefly  be  stated 
as  follows.  In  the  development  of  any  multicellular  organ¬ 
ism  the  ovum  is  observed  to  go  through  a  great  number 
of  typical  changes  in  typical  succession.  By  the  sub- 


1  Op.  cit .,  p.  84. 
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division  of  the  original  single  cell  a  number  of  cells  are 
produced  which  do  not  remain  like  one  another,  but  at  fixed 
times  in  every  species  take  up  a  fixed  position  and  give  rise 
to  further  cells  which  go  through  a  perfectly  regular  set  of 
form  changes,  resulting  in  the  formation  of  tissues  and 
organs  in  definite  and  determined  relations  to  one  another. 
These  relations  taken  together  form  the  character  of  the 
species.  The  process  is  one  not  only  of  cell  multiplication, 
but  also  of  cell  differentiation,  and  the  differentiation  during 
the  course  of  ontogeny  must  be  effected  in  one  of  two 
different  ways.  Either  the  original  cell,  the  ovum,  divides 
quantitatively,  so  that  each  resulting  cell  is  composed  of 
similar  material  and  only  goes  through  its  subsequent  form 
changes  as  the  result  of  its  position  and  the  reaction  of  the 
cells  contiguous  to  it,  or  the  ovum  divides  qualitatively  and 
the  resulting  cells  are  composed  of  unlike  material,  the  sub¬ 
sequent  form  changes  being  the  result  of  the  unlikeness  of 
the  material  of  which  they  are  composed.  The  latter  of 
these  two  alternatives  is  preferred,  partly  because  in  a 
number  of  instances  the  differentiation  of  the  cells  is 
apparent  from  the  first  cleavage  onwards.  Of  the  two 
first  blastomeres,  each  has  a  distinct  prospective  career, 
each  differs  in  its  essential  characters  from  the  other.  With 
the  second,  third,  and  fourth  cleavages,  further  differentia¬ 
tion  is  effected,  and  the  individual  cells  are  stamped,  as  it 
were,  with  their  particular  characters  from  the  very  com¬ 
mencement.  These  are  qualitative  changes,  and  are  not 
to  be  accounted  for  by  the  action  of  any  external  agencies  ; 
the  determining  force  must  reside  within  the  cell,  and  must 
be  the  result  of  a  different  constitution  effected  by  the  separa¬ 
tion  of  unlike  materials  which  were  present  in  the  ovum.  And 
this  view  is  largely  borne  out  (according  to  the  argument)  by 
experiments  which  have  been  made  on  segmenting  ova  ;  it 
has  been  shown,  for  instance,  that  if  the  two  primary  blasto¬ 
meres  of  a  frog’s  ovum  be  separated  by  mechanical  means, 
each  will  continue  to  develop,  not  as  a  whole,  but  as  a  half 
organism,  one  blastomere  giving  rise  by  further  subdivision 
to  the  right  half,  the  other  to  the  left  half  of  the  embryo. 
Clearly,  then,  the  first  division  does  not  affect  the  mass 
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only,  for  in  that  case  each  blastomere  would  go  through  a 
normal  development,  and  give  rise  to  a  complete  embryo  ;  it 
must  also  affect  the  quality  of  the  ovum,  and  separate  off 
that  which  belongs  to  the  right  half  of  the  future  organism 
from  that  which  belongs  to  the  left  half  There  must  be  in 
consequence  a  particular  architecture  in  the  protoplasm  of 
the  ovum,  an  organisation  of  a  definite  kind,  and  of  such  a 
nature  that  the  characters  of  the  future  organism  are  sever¬ 
ally  represented  in  the  separate  structural  elements  of  the 
ovum,  and  that  these  become  segregated  in  the  course  of 
cell  multiplication. 

It  is  really  of  no  consequence  to  the  argument  whether 
the  determining  structural  complexity  is  supposed  to  reside 
in  the  cell  body,  or  in  the  nucleus  ;  it  is  the  case  that  nume¬ 
rous  considerations  have  led  to  the  belief  that  it  resides  in 
the  chromatin  of  the  nucleus,  but  if  it  were  otherwise,  the 
main  proposition  would  be  unaffected. 

The  final  conclusion  is  that,  homogeneous  and  simple 
as  it  may  appear  to  our  vision,  the  ovum  is  an  exceedingly 
complex  and  an  organised  body,  and  when  this  conception 
is  joined  with  that  of  particulae  vitales,  which  go  to  make  up 
the  cell  and  to  stamp  it  with  its  special  characters,  the  further 
conclusion  is  irresistible,  that  there  are  in  the  germ  plasm 
primordial  form  elements,  of  which  each  has  an  allotted 
course  by  which  it  proceeds  to  its  position  in  the  adult 
organism.  The  final  result  is  attained  when  only  one  kind 
of  primordial  element  is  contained  in  each  cell,  viz.,  that 
which  has  to  determine  it.  Weismann  extends  this  idea  by 
supposing  that  the  primordial  elements  are  formed  into 
groups,  and  that  the  groups,  which  he  calls  determinants , 
are  segregated  in  the  course  of  ontogeny  until  every  cell, 
with  some  few  exceptions,  contains  and  is  controlled  by  only 
one  kind  of  determinant. 

The  essence  of  the  evolution  theory  consists  in  the 
view  that  the  primordial  particles  contained  in  the  germ 
are  of  as  many  different  kinds  as  there  are  different  kinds 
of  cells  in  the  adult  organism  ;  that  the  course  followed  by 
each  is  predetermined  by  the  position  which  the  cell  or  cell 
group  which  it  controls  will  have  in  the  adult ;  and  that  in 
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the  course  of  ontogeny  the  different  kinds  are  sorted  out 
and  arranged,  so  that  the  different  cells  come  to  contain 
very  different  kinds  of  primordial  particles,  and  therefore 
that  their  capacity  for  further  change  is  limited  in  every 
stage  by  the  particular  kinds  of  particles  which  they 
contain. 

This  theory  differs  from  that  of  the  eighteenth  century 
in  substituting  for  a  preformation  of  organs  as  such,  a  pre¬ 
determination  of  vital  particles  which  by  growth,  multiplica¬ 
tion  and  arrangement  are  to  give  rise  to  organs,  or,  at  any 
rate,  are  to  control  the  formative  processes  by  means  of 
which  organs  are  established.  But,  as  we  have  already 
seen,  the  idea  of  preformed  organs  existing  as  such,  but  in 
miniature,  was  by  no  means  an  essential  part  of  the 
physiological  theory  of  the  last  century.  Bonnet’s  final 
conception  of  a  germ  as  a  “  preformation  originelle  dont 
un  Tout  organique  peut  resulter  comme  de  son  principe 
immediat”  is  extremely  like  the  modern  conception  of 
germ  plasm,  composed  of  a  multitude  of  predetermined 

elements. 

A  modern  conception,  derived  from  the  theory  of  evolu¬ 
tion  in  its  larger  sense,  that  is  from  phylogeny,  is  grafted 
on  the  theory  of  individual  evolution,  and  it  is  held  to  be 
one  of  the  great  merits  of  the  latter  theory  that  it  harmonises 
and  explains  the  analogies  of  ontogenetic  and  phylogenetic 
development.  This  is  the  conception  that  the  fixed  archi¬ 
tecture  of  the  germ  is  inherited  ;  that  is  to  say,  that  it  is 
the  necessary  outcome  of  the  architecture  of  the  preceding 
germ  from  which  it  was  derived,  just  as  that  was  the  out¬ 
come  of  the  germ  which  preceded  it,  and  so  on  in  decreasing 
circles  of  complexity  to  the  beginning  of  living  things.  It 
is  impossible  to  follow  out  this  idea  with  all  its  consequences 
in  the  limits  of  an  essay,  but  it  is  the  essential  proposition 
which  Weismann  seeks  to  establish  in  his  theory  of  the 
germ  plasm,  and  any  one  who  wishes  to  understand  the 

subject  better  must  be  referred  to  his  work. 

Bonnet  and  the  older  evolutionists  were  possessed  of 
a  similar  idea,  which  is  in  fact  a  direct  corollary  from  the 
theory  of  pre-existences  or  determinants.  Since  germs  are 
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derived  from  pre-existing  germs,  the  latter  must  have 
contained  within  themselves  the  principles  of  the  former  ; 
hence  the  theory  of  “  emboitement,”  or  the  inclusion  of 
germ  within  germ,  which  necessarily  underwent  considerable 
modification  as  germs  were  regarded  as  organised  bodies  in 
miniature,  or  as  original  preformations,  immediate  principles 
from  which  the  whole  could  be  developed.  The  views  of 
Cuvier,  adopted  from  Bonnet,  as  they  are  expressed  in 
Laurillard’s  “  6loge,”  are  very  similar  to  those  of  to-day, 
and  the  reasoning  which  led  to  those  views  is  parallel  with 
the  reasoning  which  has  led  to  the  modern  theories.  Cuvier 
believed  in  the  pre-existence  of  a  radical  de  Fetre ,  a 
radical  which  existed  before  the  series  of  evolutions  com¬ 
menced,  and  certainly  could  be  traced  back  for  several 
generations. 

H  as  it  occurred  to  those  who  assert  that  the  fixed  archi¬ 
tecture  of  the  germ  determines  the  species,  and  that  the 
species  has  given  its  impress  to  the  fixed  architecture  of  the 
germ  (for  this  is  what  is  meant  by  saying  that  the  fixed 
architecture  is  inherited ),  has  it  occurred  to  them  that  this 
is  only  a  restatement  in  another  form  of  the  old  problem 
“whether  the  chick  gives  rise. to  the  egg  or  the  egg  to  the 
chick”?  Trace  back  the  successive  production  of  germ  from 
organism,  organism  from  germ  ;  try  to  form  a  mental  picture 
of  the  successive  grades  of  complexity  acquired  by  both  and 
transmitted  from  one  to  the  other,  and  one  is  soon  landed 
in  insuperable  difficulties  in  spite  of  the  formal  solution 
of  Weismann.  Whoever  has  faced  this  question  and  tried 
to  trace  back  the  complex  transmissions  of  characters  has 
arrived  at  the  same  conclusion,  first  expressed  in  a  manner 
acceptable  to  biologists  by  Weismann,  but  present  to  the 
mind  of  Harvey,  and  before  him  to  Aristotle,  namely,  the 
continuity  of  the  germ  plasm.1 

The  “  circuitus  gallinaceus,”  as  Harvey  calls  it,  is 

1  “  Facit  namque  hie  circuitum  gallinaceum  genus  sempiternuin ;  dum 
modo  pullus,  modo  ovum,  continuata  perpetuo  serie,  ex  individuis  caducis 
et  pereuntibus  immortalem  speciem  producunt  ”  ( Exercit .  de  ge?ieratione > 
Ex.  xxviii.). 
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paralleled  by  the  “  circuitus  theoreticus  ”  :  the  course  of 
speculation  seems  to  start  from  a  new  beginning  to  develop 
along  a  special  course,  and  to  become  a  complete  organon, 
only  to  fall  back  again  into  the  same  germ  from  which  it 
arose. 

The  theory  of  determinants,  which  is  the  modern  expres¬ 
sion  of  individual  evolution,  is  not,  however,  universally 
accepted.  There  is  another  theory,  which  may  be  called 
epigenetic,  founded  on  the  assumption  that  the  division  of 
the  egg  is  not  qualitative,  but  quantitative.  According  to 
this  view  the  daughter  cells,  at  every  cell  division,  no  matter 
what  may  be  their  prospective  character,  receive  exactly 
equal  amounts  as  well  as  kinds  of  nuclear  material,  in  which 
the  elementary  particles  are  supposed  to  reside.  The 
differentiation  of  the  resulting  cells  is  determined  in  each 
case  by  cellular  interaction,  the  development  of  each  cell  is 
determined  by  its  relation  to  its  fellows,  or  as  it  has  been 
neatly  put,  “  its  prospective  character  is  a  function  of  its 
location  The  advocates  of  this  theory  point  to  experiment 
and  observation  in  support  of  it.  For  example,  E.  B. 
Wilson  has  shown  that  in  the  egg  of  Amphioxus  each  of 
the  first  two  blastomeres,  if  separated  mechanically  from  the 
other,  goes  through  a  normal  course  of  development,  result¬ 
ing  not  in  a  half  embryo,  but  in  a  complete  embryo  which 
is  half  the  normal  size.  Similarly  each  of  the  first  four 
blastomeres,  if  separated  from  its  fellows,  gives  rise  to  a 
normal  embryo  of  quarter  size.  But  in  the  eight-cell  stage 
the  course  of  development  becomes  obscured,  and  definite 
results  are  not  arrived  at.  Similar  observations  have  been 
made  on  the  eggs  of  Echinus.  Tl  hese  experiments  are 
held  to  prove  that  the  division  of  the  ovum  must  be 
quantitative  only,  since  the  daughter  cells  have  the  same 
capacity  to  produce  the  organism  as  the  mother  cell,  size 
only  excepted.  In  later  stages,  e.g.,  the  eight-cell  stage, 
the  idioplasm  of  each  cell  has  become  modified  by  the 
interaction  of  the  adjoining  cells,  and  has,  therefore,  lost 
to  some  degree  the  primitive  power  of  giving  rise  to  the 
whole  organism,  and  this  modification  with  the  corresponding 

O 

loss  of  formative  power  becomes  accentuated  with  every 
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fresh  cleavage,  owing  to  the  increased  reaction  of  the  more 
numerous  constituents  of  the  cell  aggregate.1 

I  am  not  sure  that  I  have  quite  fairly  represented  the 
views  of  any  single  author.  Herbert  Spencer  certainly 
considered  that  the  physiological  units,  whose  existence 
he  postulated,  were  all  alike  in  kind  in  each  individual 
organism,  and  that  the  germ  cell,  from  which  the  organism 
is  derived,  contained  small  groups  of  these  units.  The 
difference  in  the  arrangement  of  units  alike  in  kind  deter¬ 
mines  the  diversity  of  the  parts  of  the  body,  according  to  his 
theory  ;  the  diversity  in  the  constitution  of  the  units  being 
the  cause  of  the  distinction  between  different  species  and 
different  individuals.  On  this  view  units  are  physiologically 
variable  quantities,  which  act  under  the  directing  influence 
of  the  whole  organism.  This  is  very  similar  to  Driesch’s 
statement  that  the  prospective  character  of  each  cell  is  a 
function  of  its  location.  Recent  writers  are  not  so  explicit 
in  the  statement  that  all  the  units  composing  the  individual 
are  alike  in  kind.  The  position  is  very  much  altered  if  it 
is  assumed,  as  they  seem  to  assume,  that  the  units  com¬ 
posing  the  individual  are  of  many  different  kinds,  of  as 
many  kinds  as  there  are  different  kinds  of  cells  in  the  adult 
(in  so  far  agreeing  with  Weismann  and  Roux),  but  that  in 
each  cell  divisions  all  the  kinds  of  units  are  transferred  from 
mother  to  daughter  cell.  In  such  a  case  every  cell  would 
have  primitively  the  power  of  going  through  the  whole 
course  of  ontogeny,  thus  accounting  for  the  phenomena  of 
regeneration  and  reformation,  whilst  the  “  function  of  the 
location  ”  would  be  limited  to  determining  which  of  the  units 
present  should  impress  on  the  cell  the  character  necessitated 
by  its  position  in  the  organism.  This  is  the  view  taken  by 

1  “As  the  ontogeny  advances,  the  idioplasm  of  the  cells  undergoes 
gradual  and  progressive  physiological  modifications  (brought  about  by  the 
interaction  of  the  various  parts  of  the  embryo),  without,  however,  losing 
any  of  its  elements.  The  isolation  of  a  blastomere  restores  it  in  a  measure 
to  the  condition  of  the  original  ovum,  and  the  idioplasm,  therefore,  tends 
to  return  to  the  condition  of  the  original  germ  plasm,  and  thus  to  cause  a 
repetition  of  the  development  from  the  beginning”  (E.  B.  Wilson,  “Am- 
phioxus  and  the  Mosaic  Theory f  Journal  of  Morphology,  vol.  viii.,p.  609). 
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E.  B.  Wilson  in  the  article  which  I  have  already  quoted,  in 
which  he  seeks  to  reconcile  the  hypotheses  of  Weismann  and 
Roux  with  the  observations  made  by  Driesch  and  himself 
on  the  cleavage  of  isolated  blastomeres.  Wilson’s  attempts 
to  reconcile  these  apparently  conflicting  views  are  attractive, 
since  they  include  a  reconciliation  of  an  evolutionary  with 
an  epigenetic  theory  of  development,  as  is  evident  from  his 
own  words  :  “  The  entire  series  of  events  is  primarily  deter¬ 
mined  by  the  organisation  of  the  undivided  ovum  that 
forms  its  first  term,  and,  as  such,  conditions  every  succeed¬ 
ing  term.  The  morphological  value  of  the  individual  blasto- 
mere  at  any  particular  stage  is  the  product  of  two  factors, 
one  of  which  (the  embryonic  environment)  is  external,  while 
the  other  (the  nature  of  the  idioplasm)  is  internal.”1 

A  curious  confusion,  as  it  seems  to  me,  has  been  intro¬ 
duced  into  these  discussions  by  the  use  of  the  term,  “  mosaic 
work,”  invented  by  Roux  to  signify  “  a  whole  formed  out 
of  several  or  many  self-determining  parts”.  Now  there  is 
nobody  who  has  seen  a  mosaic,  and  knows  how  it  was  made, 
who  would  describe  it  as  being  formed  out  of  self-determining 
parts.  With  all  respect  to  the  judgment  of  Roux,  I  have 
always  thought  of  a  mosaic  as  formed  out  of  parts  whose 
position  was  determined  by  forces  lying  altogether  outside 
themselves,  namely,  by  the  artist  who  designed  the  mosaic, 
and  the  workmen  who  put  the  parts  together,  and  this,  I 
take  it,  would  be  the  opinion  of  every  sensible  man.  The 
name  mosaic  can  only  be  properly  applied  to  a  whole, 
the  parts  of  which  owe  their  position  to  an  external  con¬ 
trolling  force  :  it  is  not  in  the  least  applicable  to  a  whole, 
the  parts  of  which  are  self-determining.  In  point  of  fact, 
the  name  mosaic  is  applicable  to  epigenesis,  not  to  evolution, 
and  was  so  applied  by  Huxley  long  ago.2  If  I  understand 

1  Op.  cit .,  p.  614. 

2  “  For  Schwann,  the  organism  is  a  bee-hive,  its  actions  and  forces 
resulting  from  the  separate  but  harmonious  interaction  of  all  its  parts.  For 
Wolff,  it  is  a  mosaic,  every  portion  of  which  expresses  only  the  conditions 
under  which  the  formative  power  acted,  and  the  tendencies  by  which  it 
was  guided”  (The  “  Cell  Theory,”  Medico-Chirurgical  Review ,  xii.,  1853, 
p.  295). 
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Wilson  aright,  his  proposed  modification  of  the  so-called 
mosaic  theory  does,  in  some  measure,  justify  the  use  of  the 
term,  since  emergence  of  the  mosaic-like  character  of  the 
ontogeny  from  the  indifferent  condition  of  the  early  stages 
is  due  to  the  action  of  an  external  factor,  viz.,  the  embryo- 
logical  development.  This,  at  least,  is  one  interpretation 
which  might  be  put  on  his  somewhat  obscure  reasoning. 
But  I  am  not  sure  that  he  does  intend  to  say  this,  but 
contrariwise,  that  the  mosaic  character  is  dependent  on 
the  internal  factor,  viz.,  the  nature  of  the  idioplasm  of  the 
ovum.  In  this  case,  the  use  of  the.  word  mosaic  is  not 
only  misleading,  but  mischievous. 

The  mosaic  of  Roux  (and  of  Wilson  ?)  determines  its 
own  pattern  ;  the  organism,  according  to  Whitman,  domi¬ 
nates  its  own  development,  not  because  of  cellular  inter¬ 
action,  that  is  denied,  but  because  of  some  intrinsic 
property,  an  organisation  which  precedes  cell  formation 
and  regulates  it.  Now  the  pattern  of  a  mosaic  is  not  deter¬ 
mined  by  the  forces  residing  within  its  component  parts, 
nor  is  it  conceivable  that  the  organism,  that  is  the  final 
aggregate  of  parts  which  have  been  successively  formed, 
dominates  the  formation  of  parts  without  which  it  has  no 
existence.  There  is  a  fallacy  here  in  the  word  organism. 
Whitman  is  the  last  who  has  spoken  on  this  subject, 
evolution  or  epigenesis,  and  his  attempts  to  find  an 
explanation  of  vital  phenomena,  to  discover  some  ultimate 
cause  of  observed  sequences,  are  hardly  more  satisfactory 
than  the  attempts  of  those  who  have  preceded  him.  He 
seems  himself  to  be  aware  of  this,  for  he  ends  by  pointing 
out  the  difficulties  without  offering  any  solution.  But  his 
attempt  to  clear  the  path  by  breaking  down  the  cell  theory 
will  meet  with  very  little  sympathy.  He  appears  through¬ 
out  his  essay  to  be  labouring  under  a  grave  misconception 
as  to  the  nature  of  the  cell  theory  as  it  has  been  accepted 
for  many  years  past.  He  quotes  the  original  dicta  of 
Schleiden  and  Schwann,  and  proceeds  to  the  easy  task  of 
demolishing  them.  As  a  matter  of  fact  the  cell  theory  as 
originally  propounded  by  Schleiden  and  Schwann  has 
undergone  no  inconsiderable  modifications  ;  their  very  con- 
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ception  of  the  structure  of  a  cell  was  erroneous  and  went  far 
to  invalidate  the  completeness  of  the  doctrine  which  was 
founded  on  it ;  I  refer,  of  course,  to  the  supposed  mode  of 
cell  formation,  and  the  part  played  in  it  by  the  “  cyto- 
blastema  ”.  Some  parts  of  the  cell  theory  remain  unshaken  ; 
it  would  be  very  difficult. to  deny  that  “  the  cause  of  nutri¬ 
tion  and  growth  lies  not  in  the  organism  as  a  whole,  but  in 
the  separate  elementary  parts — the  cells”.  Nor  is  it  easy, 
however  one  may  regard  it,  to  cavil  at  the  statement  that 
“  the  whole  organism  subsists  only  by  means  of  the  recip¬ 
rocal  action  of  the  single  elementary  parts”.  But  that 
“the  organism  consists  morphologically  of  cells,”  and  that 
“  organisation  means  cellular  structure,”  are  statements  which 
nobody  would  for  a  moment  give  his  adherence  to  now, 
nor  am  I  aware  that  Schwann  ever  gave  utterance  to  any 
such  propositions.  Schwann  appears  to  have  been  fully 
aware  of  the  complexity  which  must  reside  in  cells,  for  he 
speaks  of  “conglomerate  molecules,”  “a  peculiar  mode  of 
union  of  the  elementary  atoms  to  form  atoms  of  the  second 
order,”  but,  he  says,  he  has  only  to  deal  with  the  question 
whether  the  cause  of  organic  phenomena  lies  in  the  whole 
organism  or  the  separate  elementary  parts.  He  is  not  con¬ 
cerned  with  making  a  hypothetical  analysis  of  ultimate  cell 
structure,  but  he  did  not  therefore  deny  it.  Whitman  is 
anxious  to  establish  a  point  which  he  calls  the  organism 
standpoint,  and  in  order  to  do  it  he  makes  use  of  the  very 
common  method  of  exaggerating  the  erroneous  views  of  a 
few  individuals  into  a  prevailing  belief  among  biologists. 
Nobody  who  has  ever  considered  the  structure  and  develop¬ 
ment  of  the  capillaries,  for  instance,  has  ever  made  a  funda¬ 
mental  distinction  between  intracellular  and  intercellular 
structure  ;  unicellular  and  multicellular  organisms  have  been 
contrasted  it  is  true,  and  the  contrast  is  striking,  but  who 
has  made  a  fundamental  distinction  between  them  ?  Are 
they  not  both  known  as  organisms  ?  “  The  organism  ”  used 

as  a  term  to  express  living  bodies  is  not  “  fancied  to  carry 
at  least  two  distinct  organisations,  the  organisation  of  the 
separate  cells  and  that  of  the  cell  united,”  at  least  not  by 
rational  biologists  of  my  acquaintance.  This  may  be  said  of 
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the  multicellular  organism  but  not  of  “  the  organism  The 
same  fallacy  runs  throughout  the  whole  argument ;  it  is  the 
ignoratio  elenchi ,  the  attempt  to  disprove  what  was  not 
asserted.  The  existence  of  this  fallacy  makes  it  unneces¬ 
sary  to  follow  Whitman’s  argument  in  detail  ;  it  need  only 
be  said  that  by  the  great  majority  organisation,  even  a  very 
considerable  complexity  of  visible  structure,  is  readily  con¬ 
ceded  to  the  single  cell.  To  deny  this  would  be  to  deny 
a  patent  fact.  It  follows  that  structure  is  not  dependent  on 
cell  division  (whoever  said  it  was),  and  that  “  formative  pro¬ 
cesses,”  whatever  that  may  mean,  cannot  therefore  be  re¬ 
ferred  to  cell  division,  but  it  does  not  follow  that  they  are 
not  in  some  measure  due  to  cellular  interaction  in  multicel¬ 
lular  animals  or  that  they  are  due  to  ultimate  elements  of 
living  matter,  idiosomes,  which  make  up  all  living  matter, 
are  the  bearers  of  heredity  and  the  real  builders  of  the 
organism.  This  is  the  evolution  standpoint  again.  Whit¬ 
man  must  have  his  idiosomes  to  explain  what  he  found 
inexplicable  in  cells,  but  what  explains  the  behaviour  of 
idiosomes,  how  are  they,  any  more  than  cells,  the  bearers  of 
heredity  and  the  real  builders  of  the  organism  ?  It  is  a 
problem,  he  tells  us,  on  which  we  must  wait  for  more  light 
— it  is  certainly  wanted,  for  the  obscurity  attending  idio¬ 
somes  or  any  other  biological  units  is  very  great. 

Difficult  as  it  has  been  to  give  a  comprehensive  account 
of  the  many  theories  now  current,  to  account  for  the  pheno¬ 
mena  of  heredity,  which  are  seen  to  be  associated  with  de¬ 
velopment,  I  have  I  think  made  it  abundantly  clear  that 
there  is  a  general  tendency  to  assume  the  existence  of  ulti¬ 
mate  structural  units  as  necessary  for  the  explanation  of 
vital  phenomena.  The  reasons  for  this  tendency  are  very 
succinctly  expressed  in  a  sentence  of  Whitman’s,  who 
asserts  that  it  is  an  accepted  axiom  that  function  presup¬ 
poses  structure.  This  is  a  statement  of  the  morphological 
standpoint ;  let  us  examine  it  a  little  further.  The  varied 
functions  of  cells  presuppose  structures  in  cells  correspond¬ 
ing  to  the  functions  ;  not  molecular  structures,  but  definite 
form  elements,  themselves  of  great  molecular  complexity — in 
short,  an  organisation.  But  the  form  elements  are  on  all 
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hands  admitted  to  exhibit  vital  phenomena,  they  themselves 
have  functions,  for  that  is  what  is  meant  by  saying  that 
they  are  bearers  of  heredity,  that  they  are  capable  of 
assimilation,  growth,  multiplication.  If  function  presupposes 
structure,  the  units  themselves  must  have  their  structural 
characters  to  account  for  their  functions,  they  must  them¬ 
selves  be  compounded  of  further  units,  and  so  on  ad  infini¬ 
tum.  The  form  standpoint,  the  morphological  conception, 
involves  a  new  doctrine  of  emboitement.  It  may  be  an¬ 
swered  that  the  molecular  constitution  of  the  form  elements 
is  sufficient  to  account  for  their  functions,  but,  if  so,  why 
may  not  molecular  constitution  suffice  for  the  explanation  of 
the  functions,  even  for  the  observed  structure  of  cells?  Is 
it  really  necessary  to  carry  structural  analysis  beyond  the 
point  which  we  can  recognise  with  our  microscopes  ?  We 
may  concede  a  great  complexity  of  molecular  structure  to 
the  idioplasm  of  the  nucleus  without  admitting  the  existence 
of  structure  or  organisation  in  its  proper  sense.  May  we 
not  make  some  use  of  “  polarity  ”  ?  The  molecules  in  a 
solution  may  arrange  themselves  in  definite  manner  and 
form  crystals,  but  we  do  not  say  on  this  account  that  the 
molecules  in  the  solution  are  arranged  in  definite  form  ele¬ 
ments,  as  crystal  determinants.  On  the  contrary,  the  form 
assumed  by  the  molecules  is  attributed  to  certain  attractions 
and  repulsions,  but  what  the  essence  of  those  attractions 
or  repulsions  may  be  it  passes  the  wit  of  man  to  conceive. 
At  any  rate  it  is  not  supposed  that  these  inorganic  forces 
must  have  bodies  to  dwell  in,  and  the  so-called  axiom,  that 
function  presupposes  form,  appears  to  me  to  be  nothing 
more  than  a  most  unphilosophical  postulate,  that  organic 
forces  (whatever  they  may  be)  must  have  bodies  to  dwell  in. 

The  issue  between  an  epigenetic  and  an  evolutionary 
theory  to  account  for  the  phenomena  of  development  is 
narrowed  down  to  this  :  Must  structure  and  definite  organ¬ 
isation  be  predicated  of  everything  that  manifests  vital 
activity?  Until  very  recent  years  the  answer  has  been 
unhesitatingly  no,  and  an  epigenetic  explanation  of  develop¬ 
ment  has  consequently  been  conceivable ,  though  it  has  never 
been  satisfactorily  formulated.  If,  contrariwise,  the  answer 
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is  to  be  yes,  an  epigenetic  explanation  is  inconceivable, 
and  an  evolutionary  theory  is  necessary.  But  an  evolu¬ 
tionary  theory  carries  with  it  consequences  which  when 
followed  up  soon  land  us  in  the  inconceivable. 

Whitman  has  concluded  his  article  with  a  quotation  from 
an  essay  by  Huxley.  I  will  conclude  mine  by  another 
quotation  from  the  same  essay,  which  I  humbly  recommend 
to  those  who,  styling  themselves  morphologists,  are  much 
given  to  philosophical  speculation. 

“  Physiology  and  ontology  are  two  sciences  which  cannot 
be  kept  too  carefully  apart  ;  there  may  be  such  entities  as 
causes,  powers  and  forces,  but  they  are  the  subjects  of  the 
latter,  not  of  the  former,  science,  in  which  their  assumption 
has  hitherto  been  a  mere  gaudy  cloak  for  ignorance.  For 
us  physiology  is  but  a  branch  of  the  humble  philosophy  of 
facts,  and  when  it  has  ascertained  the  phenomena  presented 
by  living  things  and  their  order  its  powers  are  exhausted. 
If  cause,  power,  force,  mean  anything  but  convenient  names 
for  a  mode  of  association  of  facts,  physiology  is  powerless  to 
reach  them  ” — a  powerlessness,  I  may  add,  which  is  in  no 
way  diminished  by  the  assumption  of  any  number  of  ultimate 
bodies  in  which  the  forces  may  reside.  I  beg  to  submit,  in 
conclusion,  that  the  ascertained  phenomena  of  develop¬ 
ment  presented  by  living  beings  and  their  order  may 
be  expressed  by  epigenesis,  and  cannot  be  expressed  by 
evolution  in  its  narrower  sense.  It  is  possible  that,  when 
more  facts  are  ascertained,  epigenesis  will  have  to  give 
way,  though  this  does  not  seem  to  me  probable  ;  but  the  re¬ 
quirements  of  a  theory  are  not  ascertained  facts,  and  must 
not  be  thought  to  have  invalidated  a  useful  and  substantial 
doctrine. 


G.  C.  Bourne. 


ON  OUR  PRESENT  KNOWLEDGE  OF  THE 
NUMERICAL  VALUE  OF  THE  MECHAN¬ 
ICAL  EQUIVALENT  OF  HEAT. 

^T^HE  subject  of  the  mechanical  equivalent  of  heat  may 
JL  be  regarded  as  a  meeting-ground  for  many  of 
the  explorers  in  the  world  of  science.  It  is  capable  of 
approach  by  many  different  paths  and  by  distinct  methods, 
and  thus  affords  to  investigators  a  means  of  testing  the 
accuracy  of  the  observations  by  which  their  steps  have 
been  guided.1  The  value  of  this  central  position  increases 
as  our  knowledge  concerning  it  becomes  more  definite,  and 
my  object  in  this  paper  is  to  briefly  discuss  the  value  of 
the  information  we  now  possess. 

Although  it  would  be  difficult  to  overrate  the  import¬ 
ance  of  an  accurate  determination  of  the  numerical  value 
of  the  mechanical  equivalent,  it  would  be  easy  to  under¬ 
estimate  the  difficulties  of  the  achievement.  Any  inaccuracy 
in  our  measurements  of  temperature,  in  our  values  for^*,  or 
in  our  conclusions  as  to  the  changes  in  the  temperature 
coefficient  of  the  specific  heat  of  water,  tell  with  fatal 
effect  in  such  an  investigation. 

Again,  if  the  method  of  inquiry  adopted  is  based  on  the 
work  done  by  an  electric  current  when  passing  between 
points  at  different  potentials,  we  are  in  addition  confronted 
with  the  possibilities  of  small  experimental  errors  (whose 
cumulative  effect  may  be  serious)  in  the  values  of  our 
electrical  units. 

It  is  impossible  in  the  present  article  to  do  more  than 
glance  at  the  work  of  a  few  observers.  Those  who  wish 
for  a  complete  summary  will  find  a  historical  table  in  the 

1  In  the  discussion  which  followed  the  reading  of  a  communication 
on  this  subject  to  the  Royal  Society  in  February,  1893,  Lord  Kelvin 
called  attention  to  the  fact  that  the  discovery  of  the  error  in  the  B.A. 
ohm  was  due  to  the  circumstance  that  the  adoption  of  that  unit  as  a 
standard  of  resistance  caused  the  investigator  to  arrive  at  a  value  of  J 
which  was  evidently  outside  the  possible  limits  of  that  constant. 
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admirable  paper  by  Professor  Rowland1  which  gives  the 
methods  and  results  of  all  observers  anterior  to  1880,  and 
Miculescu2 3  supplies  a  further  list  which  carries  us  to  the 
year  1892.  The  results  expressed  in  kilogrammetres  range 
from  371*6  (Hirnp  1857)  to  488*3  (Joule,4  1845).  The 
list  contains  many  names  well  known  and  deservedly 
honoured  in  the  scientific  world,  but  unfortunately  the 
conclusions  arrived  at  by  many  of  the  observers  are  of 
little  value. 

Rowland  in  1879  wrote  as  follows:5  “All  the  results 
so  far  obtained,  except  those  of  Joule,  seem  to  be  of  the 
crudest  description,  and  even  when  care  was  apparently 
taken  in  the  experiment,  the  method  seems  to  be  de¬ 
fective,  or  the  determination  is  made  to  rest  upon  the 
determination  of  some  other  constant  whose  value  is  not 
accurately  known.  Again,  only  one  or  two  observers  have 
compared  their  thermometers  with  the  air  thermometer, 
and  the  error  thus  caused  may  be  more  than  one  per 
cent.  The  range  of  temperature  is  also  small  as  a  general 
rule,  and  the  specific  heat  of  water  is  assumed  constant.” 

With  this  somewhat  sweeping  expression  of  opinion  I 
am  reluctantly  compelled  to  agree,  and  I  would  add  the 
following  to  the  list  of  errors  committed  by  the  observers  : 
(a)  Faulty  determinations  of  the  water  equivalent  of  the 
calorimeter,  and  the  assumption  that  its  water  equivalent 
remained  constant  when  the  temperature  altered  ;  (b)  dis¬ 
regard  of  the  undoubted  fact  that  the  readings  of  mercury 
thermometers  vary  according  to  their  rate  of  rise  (a  cir¬ 
cumstance  which  I  may  remark  escaped  the  attention  of 
Rowland  himself) ;  and  (c)  too  great  similarity  in  the 
conditions  under  which  the  experiments  were  performed, 
corroboration  being  sought  for  by  a  mere  repetition  of  the 
experiments  rather  than  by  an  alteration  in  the  conditions, 

1  Proceedings  of  the  American  Academy,  1880. 

2  Annates  de  Chimie  et  de  Physique ,  vol.  xxvii.,  p.  206. 

3  Theorie  Mechanique  de  la  Chaleur ,  3rd  edition. 

4 Phil.  Mag.,  3rd  series,  vol.  xxiii. 

5  Proceedings  of  the  American  Academy ,  1880. 
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the  latter  of  which  I  believe  to  be  the  only  method  of 
eliminating  constant  errors. 

A  story  is  related  of  a  would-be  physicist  who  carried 
his  belief  in  the  doctrine  of  averages  to  such  an  extent 
that  to  save  himself  the  trouble  of  direct  weighings  he 
adopted  the  custom  of  asking  the  opinion  of  a  large 
number  of  individuals  as  to  the  weight  of  a  certain  object 
— his  argument  being  that  if  he  obtained  a  sufficient 
number  of  guesses  the  mean  result  would  be  near  enough 
to  the  truth.  History  does  not  record  if  he  adopted  the 
method  of  “  least  squares  ”. 

On  the  same  principle  it  may  be  of  value  to  give  the 
mean  of  all  the  results  referred  to  in  the  above  tables. 
For  observers  who  adopted  direct  methods,  such  as  the 
agitation  of  water,  etc.,  I  find  it  to  be  431 'i  kilom.  per 
thermal  unit  C.  ;  for  those  who  adopted  what  may  be 
termed  indirect  methods,  such  as  the  velocity  of  the  pro¬ 
pagation  of  sound,  etc.,  42i'0. 

Undue  attention  has  been  devoted  by  many  observers 
to  the  methods  adopted  for  the  conversion  of  mechanical 
work  into  heat  as  compared  with  the  regard  paid  to  that 
vital  point — the  thermometry.  Some  have  even  con¬ 
sidered  it  sufficient  to  employ  the  ordinary  mercury  scale 
of  temperature,  and  the  unfortunate  part  of  such  want  of 
attention  is,  that  it  is  almost  impossible,  even  with  the 
light  of  later  investigations,  to  estimate  the  consequent 
errors.  The  thermometers  have  in  most  cases  disappeared, 
and,  when  still  available,  the  conditions  under  which  they 
were  used  are  so  uncertain  that  a  comparison  with  our 
present  standards  is  of  little  avail.  The  reading  of  some  of 
the  papers  above  referred  to  is  to  me  a  painful  experience. 
The  devices  employed  for  converting  nearly  the  whole  of 
the  energy  into  heat,  the  expedients  for  estimating  the 
residual  amount  of  energy  converted  into  other  forms,  are 
such  as  to  compel  the  admiration  of  the  reader,  but,  although 
so  much  ingenuity  has  been  directed  to  the  adornment  of 
the  upper  stories,  the  foundation — the  measurement  of  tem¬ 
perature — has  been  neglected,  thus  rendering  the  whole 

edifice  unstable. 
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I  select  from  the  whole  list  the  results  obtained  by 
Joule,  1843-78,  Rowland,  1879,  Miculescu,  1892,  and  I 
would  venture  to  add  my  own  of  1888-93,  as  those  to 
which  attention  should  chiefly  be  directed,  because  these 
authors  have  (especially  in  the  case  of  Rowland)  given  the 
data  for  their  thermometry.  True,  that  Joule  appears  to 
have  paid  little  attention  (comparatively  speaking)  to  this 
matter,  but,  as  will  be  shown  later,  we  are  to  some  extent 
able  to  repair  this  omission. 

Rowland  devoted  a  great  portion  of  his  paper  to  the 
description  of  the  comparisons  of  his  mercury  and  air 
thermometers.  On  page  498  of  my  own  paper  I  have, 
however,  given  my  reasons  for  the  following  statement : 
“A  study  of  Rowland’s  tables  xi.  to  xv.  leads  to  the 
conclusion  that  the  discrepancy  between  individual  ob¬ 
servations,  due  to  the  above-mentioned  causes,  in  some 
cases  amounted  to  as  much  as  *03°  to  '64"  C.  .  .  .  and 
appears  to  justify  the  conclusion  that  the  value  of  Row¬ 
land’s  temperature  range  140  to  250  C.  may  be  in  error 
by  as  much  as  0*020°  C.,”  that  is,  over  the  above  range, 
an  error  of  1  in  550. 

Fortunately,  the  thermometers  used  by  Joule  are  still 
in  existence,  and  the  magnitude  of  the  errors  arising  from 
imperfections  in  his  thermometric  standards  has  been  ap¬ 
proximately  ascertained;  for  Joule  himself  in  1879  made  a 
careful  comparison  of  his  thermometer  with  one  which  had 
been  standardised  by  Rowland,  the  outcome  being  to  raise 
Joule’s  final  results  from  772*55  to  776*75  ft.  lbs.  (F.)  in 
latitude  of  Greenwich,  whereas  if  we  apply  the  thermometric 
correction  to  all  his  published,  instead  of  his  final,  results 
the  corrected  mean  becomes  779*15. 

Even  in  this  case,  however,  we  have  not  sufficient 
data  to  apply  the  correction  with  accuracy,  for  no  record 
has  been  found,  beyond  the  published  numbers,  of  the 
conditions  under  which  the  comparison  between  the  ther¬ 
mometers  was  made,  although  I  understand  from  Professor 
Schuster  (in  whose  possession  the  Joule  thermometers  now 
are)  that  search  has  been  made  for  such  records.  Again, 
it  must  be  remembered  that  the  application  of  the  above 
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correction  detracts  greatly  from  the  independent  authority 
of  the  determinations  by  these  two  physicists.  If  it  could 
be  shown  that  an  error  existed  in  the  thermometry  of 
Rowland,  the  resulting  correction  would  have  to  be  applied 
not  only  to  his  values  but  to  those  of  Joule.  The  methods 
employed  by  Rowland  were  otherwise  so  perfect  that  if 
sufficient  evidence  could  be  produced  to  finally  establish  his 
temperature  measurements  I,  for  one,  should  be  inclined 
to  accept  without  reserve  his  conclusions  as  to  the  value 
of  the  mechanical  equivalent. 

Happily  there  is  a  good  prospect  of  more  light  on  this 
point.  Professor  Schuster  has  for  some  time  been  engaged 
in  a  separate  determination  of  the  mechanical  equivalent, 
and  I  anticipate  with  much  interest  the  publication  of  his 
results.  At  the  same  time  he  is  (I  believe)  re-standardising 
the  Joule  thermometers,  and  in  my  opinion  the  importance 
of  this  portion  of  his  investigation  may  prove  as  great  as 
the  achievement  of  a  revaluation  of  J.  If,  as  I  trust  may 
be  the  case,  he  is  led  to  the  conclusion  that  the  temperature 
range  given  by  the  previous  standardisation  is  faulty,  we 
shall  have  the  means  of  applying  to  the  results  of  Rowland 
and  Joule  an  approximate  correction  which  may  bring  them 
into  greater  harmony  with  the  latest  investigation.1  I  indi¬ 
cate  later  my  reasons  for  believing  that  the  discrepancy 
between  the  results  obtained  by  Rowland  and  myself  has 
its  origin  in  thermometric  errors.  I  have  applied  to  my 
own  thermometry  every  test  which  appears  to  me  to  be 
possible  ;  it  remains  to  be  seen  whether  Rowland  s  tempera¬ 
ture  range  is  capable  of  such  a  scrutiny,  and  I  am  glad  to 
think  that  this  important  investigation  is  in  the  able  hands 
of  Professor  Schuster. 

With  regard  to  the  temperature  work  of  M.  Miculescu 
he  adopted  a  thermo-electric  couple  of  platinum  and  iron, 

xNo  doubt  changes  have  taken  place  in  the  Joule  thermometers  with 
lapse  of  time.  Although  such  time  changes  may  have  caused  consider¬ 
able  alteration  in  the  position  of  the  zero  points,  it  is  improbable  that  they 
will  affect  determinations  of  differences  of  temperature  when  made  by  the 
same  thermometer. 
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whose  indications  he  compared  with  a  mercury  thermo¬ 
meter  previously  standardised  by  the  Bureau  International 
des  Poids  et  Mesures.  Admirable  as  were  his  arrange¬ 
ments  I  consider  that  the  comparison  of  electro-motive 
forces  is  better  adapted  for  the  detection ,  than  for  the 
accurate  measurement  of  small  differences  of  temperature. 

This  is  hardly  the  place  in  which  to  enter  into  a  dis¬ 
cussion  of  the  question,  and  I  only  here  give  my  opinion 
for  what  it  is  worth,  though  I  have  reason  to  believe  that 
it  is  shared  by  others. 

Again,  he  gives  no  precise  details  in  his  published 
paper  of  the  circumstances  under  which  the  readings  of 
the  mercury  thermometer  were  taken — such  as  the  con¬ 
stancy  of  the  temperature,  the  rate  of  rise  (if  any),  the 
observed  changes  of  zero,  etc.,  nor  does  he  give  any 
record  of  the  results  of  the  differences  between  repeated 
comparisons  at  the  same  temperature;  thus  it  is  impossible 
to  estimate  his  probable  limit  of  error. 

There  is  little  doubt  that  measurements  of  resistance 
can,  under  favourable  circumstances,  be  made  with  greater 
accuracy  than  comparisons  of  the  electro-motive  force  due 
to  a  thermo-electric  couple. 

The  investigations  by  Professor  Callendar  and  myself 
have,  I  think,  placed  beyond  question  the  relation  between 
the  platinum  and  the  air  thermometer  over  a  range  of  o°  to 
6ooo1  C.,  and  the  almost  exact  correspondence  subsequently 
discovered  (a  difference  of  *005°  C.  in  elevation,  and  of 
•00 1 0  in  range  between  140  and  25°  C.)1 2  between  the  mer¬ 
cury  thermometers  used  in  my  investigation  (which  were 
standardised  by  means  of  platinum  thermometers)  and  the 

1  Callendar,  Phil.  Trans .,  A,  1887. 

„  Phil.  Mag.,  July,  1891,  and  January,  1892. 

„  Journal  Iron  and  Steel  Institute ,  No.  1,  1892. 

Callendar  and  Griffiths,  Phil.  Trans.,  A,  1891. 

Griffiths,  Brit.  Assoc.  Report,  1890. 

,,  Phil.  Trans.,  A,  1891. 

„  „  „  >,  *893,  PP-  420-433. 

,,  Phil.  Mag.,  1891. 

2  Phil.  Trans.,  1893,  p.  430. 
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nitrogen  thermometer  of  the  Bureau  International  appears 
to  place  the  measurements,  over  this  range  at  all  events, 
on  a  sure  foundation. 

Since  the  publication  of  my  paper  in  the  Transactions , 
Professor  Callendar  and  I  have  conducted  a  laborious 
series  of  comparisons  between  the  mercury  thermometer 
and  a  new  and  beautiful  form  of  the  air  thermometer  in¬ 
vented  by  himself.  Its  indications  are  independent  of 
changes  in  atmospheric  pressure  during  the  experiments  ; 
thus  no  observation  of  the  length  of  a  mercury  column 
is  necessary,  and  one  great  cause  of  experimental  error  is 
avoided. 

The  results  have  now  been  published,1  and  although  in 
some  respects  unsatisfactory,  they  are  sufficient  tc  clearly 
establish  a  limit  of  range-error,  not  exceeding  '003  C.  of 
the  nitrogen  thermometer  over  a  range  of  140  to  25  C.  I 
therefore  venture  on  the  statement  that  the  evidence  is  in 
favour  of  the  greater  accuracy  of  my  temperature  measure¬ 
ments  when  compared  with  those  of  the  observers  I  have 
mentioned. 

Another  great  difficulty  faces  the  experimenter,  viz ., 

uncertainty  as  to  the  thermal  unit. 

The  condition  of  the  science  of  calorimetry  will  continue 
unsatisfactory  until  some  definite  conclusion  is  arrived  at  as 
to  the  fundamental  unit.  The  old  definition  the  amount 
of  heat  required  to  raise  unit  mass  of  water  from  o  to  1 
C. — dies  hard  in  spite  of  its  absurdity,  and  it  is  time  that  a 
successor  was  appointed.  I  have  suggested  the  following 
definition,  “The  quantity  of  heat  required  to  raise  unit 
mass  of  water  through  T  C.  of  the  air  thermometer  at 
1 50  C,”  and  1  trust  that  this  may  be  adopted.2  Until  this 
matter  is  settled  it  is  impossible  to  satisfactorily  compare 
the  values  of  J  obtained  by  different  observers,  for  we 


1  Proceedings  Royal  Soc.,  January,  1894. 

2 1  am  glad  to  see  that  Mr.  Glazebrook  in  the  excellent  text-book  on 
Heat,  which  he  has  just  brought  out,  adopts  a  rational  range  of  temperature 
viz.,  4°  to  5°  C.  I  still,  however,  maintain  my  preference  for  the  range  1 

have  suggested. 
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must  either  assume  the  value  of  a  temperature  coefficient 
of  the  specific  heat  of  water  obtained  by  one  observer 
before  we  can  express  the  results  of  other  experimenters 
in  terms  of  the  same  unit,  or  we  must  give  the  different 
results  in  terms  of  different  units  according  to  the  mean 
temperature  of  the  range  over  which  the  observations  were 
conducted,  in  which  case  it  becomes  almost  impossible  to 
estimate  how  close  is  the  agreement.  This  difficulty  is 
a  very  serious  one,  and  to  me  it  appears  to  be  useless  to 
further  increase  the  accuracy  of  the  methods  employed  for 
determining  the  value  of  J  until  this  fundamental  inquiry  is 
completed.  The  observations  of  Rowland  indicate  a  mini¬ 
mum  value  for  the  capacity  for  heat  of  water  about  33°  C. 
My  own  observations  have  not  extended  beyond  26°  C.,  so 
I  have  deduced  from  his  tables  (for  the  purposes  of  com¬ 
parison)  the  expression  for  the  capacity  for  heat  of  water 
over  the  range  14°  to  26°  C.  which  can  be  approximately 

represented  in  the  form — 

1  —-000400  (0—15). 

My  own  result  over  the  same  range  gives — 

1  —  -000266  (0—i5). 

I  regret  that  I  have  been  unable  to  procure  the  full 
work  of  Professors  Bartoli  and  Stracciati  on  this  subject, 
and  I  have  only  this  week  succeeded  in  obtaining  any 
information  beyond  that  conveyed  by  a  note  in  Nature , 
July  27,  1893.  A  copy  of  the  Journal  de  Physique  for 
December,  1893,  has,  however,  just  come  to  hand,  and  it 
contains  a  full  table  of  their  experimental  results  together 
with  a  short  description  of  the  methods  employed.  This 
summary  does  not  give  the  numbers  resulting  from  the 
repetition  of  experiments  under  similar  conditions,  and  it 
is  therefore  difficult  to  estimate  the  probable  limit  of 
experimental  errors. 

The  table  contains  eleven  columns,  of  which  II.  to  VII. 
give  the  specific  heat  of  water  for  every  degree  from  o° 
to  310  C.  deduced  from  the  results  obtained  by  the  im¬ 
mersion  in  water  of  balls  of  different  metals  at  the  tem¬ 
perature  of  steam,  the  mean  result  of  these  experiments 
being-  given  in  Col.  VIII.  The  numbers  in  Col.  IX.  were 

o  o 
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obtained  by  the  addition  of  water  to  water,  while  X. 
aives  the  mean  of  the  different  methods,  and  XI.  gives 
the  values  as  deduced  from  the  formula — 

Ct  —  1-006630  — 0-000593962/ 

+  00000043  3  8650/ 2  +  0-00000042  5  5  20/ 3 
—  000000000  2  8 1 9  /4 , 

the  unit  being  (I  am  glad  to  see)  the  capacity  for  heat 
of  water  at  150  C. 

I  quote  the  numbers  given  in  Cols.  VIII.,  IX.,  XI. 
for  each  five  degrees  of  temperature  only. 


Temp. 

Col.  VIII. 

Col.  IX. 

Col.  XI. 

O 

i  '°°55 1 

I-00777 

1-006630 

5 

1-00333 

1-00434 

1*003820 

10 

1-00140 

1*00157 

1  *oo  1522 

20 

•99946 

•99949 

‘999439 

25 

1  "00025 

•99986 

1  "000040 

3° 

1  -00264 

room 

1-001921 

35 

1-001570 

(No  direct  observations  appear  to  have  been  taken 
above  310,  and  therefore  the  value  at  350  is  exterpolated.) 

It  does  not  appear  to  me  that  the  numbers  given  in 
Cols.  VIII.  and  IX.  (which  sum  up  the  whole  of  the  ex¬ 
perimental  evidence  at  the  temperatures  quoted)  justify  the 
use  of  such  a  formula  as  that  given  above  ;  at  all  events 
experimental  results  such  as  those  at  temperatures  o  ,  5  > 

2  50,  and  30°  seem  scarcely  capable  of  a  strain1  which  is 
too  great  for  any  physical  measurements  that  I  am 
acquainted  with. 

The  experimental  results  are  of  great  value,  the  more 
especially  as  it  is  evident  that  the  observers  devoted 
much  time  and  attention  to  the  standardisation  of  their 

thermometers. 

The  experiments  themselves  agree  with  the  formula 
in  giving  a  minimum  value  at  about  20  C.,  and  on  this 
point,  therefore,  the  authors  differ  widely  from  both 
Rowland  and  myself. 

1  For  example,  Col.  VIII.  gives  1  +  *000025  (0-15)  as  the  capacity 
for  heat  over  the  range  150  to  250  C.,  while  Col.  IX.  gives  1  - -000014 

(6-  15)  over  the  same  range. 
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It  is  evident  that  this  matter  requires  further  investi¬ 
gation,  for  the  discrepancies  are  serious. 

I  think,  however,  there  is  no  doubt  as  to  one  con¬ 
clusion,  viz.,  that  the  capacity  for  heat  of  water  dimin¬ 
ishes  as  its  temperature  rises,  provided  the  temperature 
be  less  than  20°  C. 

Dr.  Guillaume  suggests  that  the  temperature  at  which 
the  specific  heat  of  water  is  a  minimum  should  be  selected 
as  the  standard,  but  this  point  is  not  yet  sufficiently  estab¬ 
lished  for  the  proposal  to  be  carried  into  effect.1 

Whatever  method  be  adopted  for  the  determination 
of  J,  the  numerical  results  depend  upon  the  value  of  g. 
Any  error  thus  introduced  is,  however,  of  little  con¬ 
sequence,  since  every  observer  naturally  records  the  value 
assumed  for  his  own  locality,  and  thus  if  any  error  be 
subsequently  discovered  the  resulting  correction  is  easily 
applied. 

If  the  method  adopted  be  an  electrical  one  the  in¬ 
quirer  is  dependent  on  two  of  the  following  three  con¬ 
stants  : — 

(1)  The  electro-motive  force  of  some  standard  cell. 

(2)  The  electro-chemical  equivalent  of  some  element. 

(3)  The  value  of  the  ohm. 

The  traveller  by  this  route  is  therefore  less  independent 
than  the  inquirer  who  adopts  a  more  direct  path. 

When,  with  the  assistance  of  Mr.  G.  M.  Clark,  I 
embarked  on  this  investigation,  our  desire  was  not  so 
much  to  determine  the  actual  value  of  J  as  to  test  the 
validity  of  the  determinations  of  the  electrical  units  and 
to  trace  the  changes  in  the  specific  heat  of  water.  I 
confess  that  I  entertained  a  hope  that  our  results  might 
be  in  agreement  with  Rowland’s,  and  if  this  had  been  the 
case  the  existing  system  of  electrical  measurements  might 
have  been  regarded  as  firmly  established.  As  it  is,  the 
approximation  is  sufficient  to  prove  that  any  residual 
errors  are  small.  The  want  of  harmony  is,  however, 

1 1  am  glad  to  hear  that  Dr.  Chappuis  has  embarked  on  this  investi¬ 
gation. 
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clearly  due  to  the  thermometry  rather  than  to  experi¬ 
mental  errors  in  the  electrical  standards.  I  extract  the 
following  from  my  paper  in  the  Transactions :  “No  change 
in  the  value  of  the  various  units,  or  constants,  involved 
in  this  investigation  could  bring  our  results  into  absolute 
agreement  with  those  obtained  by  Rowland,  since,  owing 
to  the  difference  in  the  expressions  for  the  temperature 
coefficients  of  the  specific  heat  of  water,  it  is  inevitable 
that  our  conclusions  should  agree  at  some  one  tempera¬ 
ture  ;  but  must  necessarily  differ  when  expressed  in  terms 
of  a  thermal  unit  at  any  other  temperature,  and  thus 
changes  in  the  values  of  the  units  would  only  alter  the 
temperature  of  agreement.  For  example,  Dr.  Guil¬ 
laume  has  pointed  out  to  me  that  the  experiments  of 
Commandant  Defforges  lead  to  the  conclusion  that  the 
value  of  g  at  Greenwich  should  be  increased  from  981*17 
centims.  to  98 1  *24  centims.  A  similar  correction  would 
slightly  increase  Rowland’s  value  of  J,  and  thus  cause 
our  point  of  agreement  to  be  about  120  C.  instead  of 
11*5°  C.  Again,  the  value  of  g,  assumed  by  Lord 
Rayleigh  ( Phi l.  Trans.,  A,  1884,  P*  427)>  would  have  to 
be  slightly  increased,  and  the  resulting  values  of  the 
electro-chemical  equivalent  of  silver,  and  of  the  absolute 
electro-motive  force  of  a  Clark  cell,  would  require  modi¬ 
fication,  but  the  only  result  of  any  such  change  would,  as 
before,  be  to  shift  the  temperature  of  agreement. 

“  It  is,  therefore,  evident  that  the  difference  is  chiefly 
due  to  errors  in  thermometry.” 

This  method  of  testing  our  electrical  units  could  only 
be  satisfactory  if  a  direct  determination  of  the  equivalent 
by  mechanical  work  was  accomplished  with  the  same 
thermometers  used  under  the  same  conditions  as  in  my 
late  investigation ;  harmony  between  the  results  would 
then  be  a  clear  indication  of  the  validity  of  our  system 
of  electrical  units,  for  the  errors  arising  from  faulty 
thermometry  would  be  of  small  importance  and  the  con¬ 
tinuation  of  the  experiments  over  the  same  range  would 
avoid  discrepancies  which  have  their  origin  in  erroneous 

conclusions  as  to  the  capacity  for  heat  of  water. 

10 
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I  have  reason  to  hope  that  such  an  investigation  is 
about  to  be  undertaken  in  Cambridge,  and  it  will,  I  trust, 
lead  us  on  to  firmer  ground. 

A  few  remarks  on  one  other  point.  I  have  already 
indicated  the  importance  of  changes  in  the  conditions  under 
which  the  experiments  are  performed. 

Rowland’s  determinations  are,  I  consider,  deficient  in 
this  respect.  It  is  difficult  to  ascertain,  from  his  tables, 
to  what  extent  he  varied  the  mass  of  the  water  and  the 
rate  of  the  work  done.  He  appears  to  have  changed  his 
mass  of  water  from  about  5  to  8  kilos.,  and  the  work  per 
kilo,  seems  to  have  varied  but  slightly. 

The  method  adopted  by  Miculescu  enabled  him  to 
employ  large  masses  of  water — his  variation  ranging  from 
5  to  1 8  kilos.  Small  errors  are  of  much  less  importance 
when  weights  such  as  these  are  used,  especially  when  the 
method  employed,  as  in  the  case  of  Rowland,  involves 
estimation  of  the  water  equivalent,  losses  by  radiation,  etc. 
In  this  respect,  their  conditions  are  distinctly  superior  to 
mine.  This  applies  more  particularly  to  the  work  of  Micu¬ 
lescu,  for  the  method  he  adopted  reduced  errors  of  the 
above  description  to  a  minimum.  In  my  paper  I  have 
given  my  reasons  as  to  why  we  were  compelled  to  work 
with  comparatively  small  masses  and  how  the  resulting  evils 
were  counterbalanced  by  other  advantages. 

During  our  experiments  we  were,  however,  able  to 
vary  the  conditions  to  an  extent  not  attempted  by  either 
Rowland  or  Miculescu.  The  rate  of  production  of  heat 
was  continually  altered  (the  maximum  rate  as  compared 
with  the  minimum  was  as  nine  to  one)  and  the  mass  of 
water  was  in  some  experiments  nearly  three  times  as 
great  as  in  others.  The  close  agreement  between  results 
obtained  under  such  varied  conditions  greatly  strengthens 
the  conclusions  arrived  at. 

The  following  table  gives  a  summary  of  the  results 
obtained  by  the  observers  I  have  referred  to,  expressed 
in  kilogrammetres  in  latitude  of  Greenwich  (^=981  'i  7).1 

1  My  values  as  given  in  this  table  differ  slightly  from  those  pub¬ 
lished  in  the  Transactions .  The  reasons  for  the  alterations  are  given  in 
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Table  II. 


In  terms  ofather- 

J. 

mal  unit  at 

Joule’s  later  experiment 

- 

00 

co 

w 

426*26) 

r 

14*6°  c. 

Mean  of  all  Joule’s  published 

results 

- 

T843-78 

427*60) 

14-5°  C. 

Rowland  - 

- 

l88o 

427*04 

14*6°  C. 

Miculescu 

- 

1892 

426*60 

10  to  130  C. 

Griffiths  - 

i893 

427*76 

150  C. 

As  previously  pointed  out  Joule’s  results  are  here  given 
as  corrected  after  the  comparison  with  Rowland’s  thermo¬ 
meter,  hence  they  have  but  little  independent  authority. 

Again,  the  mean  temperature  of  Joule’s  temperature 
ranges  is  difficult  to  estimate  rightly,  and  14*6°  C.  can 
only  be  regarded  as  an  approximation. 

For  purposes  of  reference  and  comparison  it  may  be 
convenient  if  I  give  a  table  of  these  values  expressed  in 
terms  of  the  different  units  usually  employed.  In  each 
case  98 1*17  or  its  equivalent  in  feet,  the  thermal  unit  is 
that  at  1 5°  C.  or  590  F.,  and  the  value  at  this  temperature 
is  obtained  by  assuming  the  truth  of  my  temperature 
coefficient  of  the  specific  heat  of  water.  The  correction 
thus  introduced,  however,  is  here  very  small,  as  will  be 
seen  on  comparing  Col.  I.  in  Table  III.  with  Table  II. 

Proc.  Royal  Soc.,  January,  1894,  and  they  are  due  to  the  discovery  of 
an  error  in  arithmetic.  I  have  here  made  a  further  small  correction, 
amounting  to  1  in  4000  only,  which  I  did  not  feel  at  liberty  to  make  in 
the  above  communications,  where  I  felt  bound  to  adhere  rigidly  to  the 
actual  numbers  obtained  by  experiment.  As  I  mentioned  in  the  record 
of  the  observations  (p.  386),  there  was  reason  to  believe  that,  although 
the  Clark  cells  used  by  me  were  for  several  days  in  the  same  bath  as 
the  Cavendish  standard,  the  temperature  of  the  standard  was  slightly 
higher,  owing  to  its  containing  vessel  projecting  above  the  water.  As  it 
was  impossible  to  accurately  ascertain  the  actual  temperature  within  the 
standard  (no  thermometer  having  been  included  in  the  cell)  we  did  not 
attempt  to  make  any  correction.  On  reflection,  I  feel  convinced  that  it 
is  more  probable  that  the  cells  differed  in  temperature  by  4°  C.  than  that 
they  differed  in  E.M.F.  As  I  am  here  estimating  probabilities  I  have 
assumed  that  this  difference  in  temperature  existed. 
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Table  III. 


Kilogr.  and 
C.° 

Ft.  lbs.  and 

C.° 

Ft.  lbs.  and 
F.° 

Ergs  and  C.° 

I. 

II. 

III. 

IV. 

Joule’s  (later  experiments) 

426*2 

1398*2 

776*8 

4*182  X  IO7 

,,  (all  published  re- 

suits) 

427*6 

1402*5 

779*2 

4*195  X  107 

Rowland  - 

427‘° 

1402*1 

778*9 

4*190  X  IO7 

Miculescu  - 

426*2 

1398-1 

776*7 

4*182  X  IO7 

Griffiths 

427*8 

1403*2 

779*6 

4*197  X  IO7 

I  do  not  see  that  any  advantage  is  gained  by  taking 
the  mean  of  these  values  ;  we  must  weigh  the  evidence 
in  each  case,  and  use  our  individual  judgment ;  mere 
counting  of  heads  will  not  suffice. 

The  result  of  Professor  Schuster’s  investigations  may 
lead  to  a  modification  of  the  values  of  Joule  and  Row¬ 
land  as  well  as  add  another  determination  of  great  weight 
to  the  list. 

I  would  suggest  that,  in  the  meantime,  the  traditional 
1390  and  772-55  should  disappear  from  our  text-books 
and  be  replaced  by  (say)  1402  and  779. 


E.  H.  Griffiths. 


RESEARCHES  ON  PROTEID  METABOLISM, 

BY  E.  PFLUGER. 


IT  is  generally  accepted  at  the  present  day,  in  conse¬ 
quence  chiefly  of  Voit’s  researches  and  writings, 
that : — 

First,  the  energy  for  muscular  work  is  afforded  by  the 
consumption,  not  of  proteids,  but  of  carbohydrates  and  fats. 

Secondly,  the  fat  in  the  body  is  formed  from  all  three 
classes  of  food-stuffs,  proteids,  carbohydrates  and  fats,  taken 
in  with  the  diet. 

Thirdly,  the  proteid  of  the  food  has  a  twofold  destiny, 
a  small  part  going  to  repair  tissue-waste,  and  being  stored 
up  as  tissue  or  morphotic  proteid,  while  the  larger  part 
enters  only  into  the  circulating  juices  of  the  body  as  circu¬ 
lating  proteid,  and  is  broken  up  within  twenty-four  hours 
after  its  entry  into  the  body,  to  give  rise  to  a  corresponding 
amount  of  urea. 

The  work  by  Pfliiger  and  his  pupils,  which  is  presented 
to  us  in  the  appended  papers,  is  directed  to  show  that  all  of 
these  three  statements  are  incorrect.  We  may  consider,  in 
the  first  place,  the  question  of  the  source  of  muscular  energy. 
It  was  strongly  maintained  by  Liebig  that  all  the  muscular 
work  of  the  body  was  done  at  the  expense  of  the  proteids, 
the  fats  and  carbohydrates,  by  their  oxidation  and  disinte¬ 
gration,  merely  serving  for  the  production  of  heat.  Experi¬ 
ments  however,  carried  out  by  Fick  and  Wislicenus,  Voit 
and  others,  showed  that  muscular  exercise  gave  rise  to  no 
increase  in  the  amount  of  urea  excreted,  or  that  in  some 
cases  where  a  trifling  increase  was  produced,  the  increase, 
or,  indeed,  the  total  amount  of  urea  excreted,  was  insufficient 
to  account  for  the  energy  expended  on  doing  the  work.  On 
the  other  hand,  it  was  found  that  muscular  work  gave  rise  to 
a  great  increase  in  the  excretion  of  C02  and  in  the  amount 
of  oxygen  absorbed,  so  that  some  carbonaceous  material, 
probably  sugar,  was  looked  upon  as  the  chief  source  of 
muscular  energy. 

Argutinsky  (i),  who  has  re-examined  this  question,  finds 
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that  muscular  work  does  give  rise  to  a  definite  increase  in 
the  excretion  of  urea.  This  increase,  however,  is  observed, 
not  on  the  day  on  which  the  work  is  performed,  but  on 
the  two  succeeding  days.  He  calculates  that  the  increased 
oxidation  of  proteid,  evidenced  by  the  extra  secretion  of 
urea,  will  account  for  the  energy  expended  on  the  days  on 
which  work  was  done.  The  work  consisted  in  climbing, 
on  four  separate  occasions,  to  a  height  of  1000  to  1300 
metres,  and  the  expeditions  lasted  from  five  to  eight  hours. 

In  (2),  Pfliiger,  on  the  ground  of  experiments  performed 
on  dogs,  re-affirms  Liebig’s  dictum,  i.e.,  that  proteid  is  the 
chief,  if  not  the  only  source  of  muscular  energy.  He  em¬ 
ployed  a  lean  dog,  weighing  about  30  kilos.,  which  he  fed 
on  nearly  pure  proteid  diet  (lean  meat).  The  amount  of  fat 
and  carbohydrate  contained  in  the  meat  was  not  sufficient 
even  for  the  work  of  the  heart.  On  this  diet  he  found  that 
the  dog  could  work  perfectly  well,  and  was  in  an  excellent 
state  of  health  at  the  end  of  some  months,  showing  that,  in 
this  case,  the  energy  for  the  production  of  muscular  work 
(drawing  a  cart)  must  have  been  afforded  by  the  com¬ 
bustion  of  proteids.  In  the  experiments,  periods  of  rest 
alternated  with  periods  of  severe  work.  The  amount  of 
meat  required  to  maintain  the  dog’s  weight  constant  and 
nitrogenou's  equilibrium  was  first  ascertained  for  a  period 
of  rest.  If  the  dog  was  then  made  to  do  a  certain  amount 
of  work  on  the  same  diet,  the  output  of  nitrogen  excreted 
became  larger  than  the  income,  and  the  dog  lost  weight. 
In  order  to  maintain  a  condition  of  equilibrium,  it  was 
necessary  to  increase  the  amount  of  meat,  and  the  increased 
food  required  was  proportional  to  the  amount  of  work 
done.  Thus  when  the  dog  performed  109,608  kilogram- 
metres,  he  required  496 “5  grms.  meat  more  than  during  a 
resting  period.  This  meat  contained  15*98  grms.  N.  From 
this  he  concludes  (allowing  for  the  small  amount  of  fat  in 
the  meat)  : — 

1  grm.  N.  =  6409  kilogrammetres. 

According  to  Rubner  : — 

1  grm.  N.  in  meat  in  combustion  =  14,909  kilogram- 
metres. 
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So  that  42*9  per  cent,  of  the  energy  of  the  food  has 
appeared  as  work.  But  meat  only  contains  about  80  per 
cent,  proteid,  so  that  1  grm.  N.  in  proteid  enables  the  doing 
of  7456  kilogrammetres.  Hence  487  per  cent,  of  the 
energy  of  proteid  taken  in  as  food  appears  as  work — an 
enormous  efficiency. 

As  we  should  expect,  this  dog  required  a  greater  quantity 
of  food  when  the  external  temperature  was  lower,  and  the 
amount  of  heat  that  had  to  be  produced  in  the  body  greater. 
The  experiments  described  above  were  made  when  the 
external  temperature  was  +  9*5°  C.  A  month  later,  when 
the  temperature  was  —  8  *9°  C.,  the  dog  required  a  larger 
quantity  of  meat,  in  the  proportion  of  4  to  3. 

When  work  is  done  without  increasing  the  food-supply, 
the  body-weight  diminishes  rapidly  at  first,  and  then  more 
and  more  slowly,  until  nitrogenous  equilibrium  is  once  more 
established.  Under  the  same  conditions,  the  nitrogenous 
excretion  is  increased  at  first,  but  not  nearly  to  the  same 
extent  as  when  the  animal  gets  sufficient  food.  The  in¬ 
crease  in  the  proteid  disintegration  now  only  accounts  for 
\  to  \  of  that  necessary  for  the  production  of  the  energy 
expended  on  doing  work.  There  must  hence  be  a  sparing 
of  the  expenditure  of  energy  in  the  other  vital  processes,  so 
that  proteid,  which  before  was  used  up  in  some  other  organs 
of  the  body,  is  now  expended  in  the  muscles.  In  the  disin¬ 
tegration  of  the  proteid  produced  by  muscular  work,  the 
C02  is  at  once  eliminated,  while  the  corresponding  amount 
of  nitrogen  does  not  appear  until  the  next  day,  and  the 
increased  excretion  of  urea  lasts  two  or  three  days  (cp. 
Argutinsky). 

According  to  Pfluger,  the  generally  accepted  theory 
that,  with  a  sufficient  administration  of  fat  and  carbohy¬ 
drates,  muscular  work  causes  no  increased  nitrogenous 
metabolism,  is  wrong.  Even  when  the  animal  is  putting 
on  fat,  increased  work  causes  some  increase  in  nitrogenous 
metabolism. 

Pfliiger’s  final  conclusion  in  this  paper  is  of  considerable 
importance.  He  shows  that  the  metabolic  requirements  of 
an  animal  are  conditioned  solely  by  the  weight  of  proteids 
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(“  Fleischgewicht  ”)  it  contains.  The  non-nitrogenous  con¬ 
stituents  of  the  body,  such  as  glycogen  and  fat,  are  dead 
material,  and  do  not  affect  the  metabolic  requirements. 
Only  the  proteids  of  the  body  are  living.  Hence  a  fat 
animal  has  apparently  a  small  nitrogenous  metabolism,  in 
comparison  to  its  weight,  so  much  of  this  being  due  to  dead 
ballast. 

This  view  of  the  predominant  importance  of  proteids  for 
the  performance  of  muscular  work  is  consonant  with  the 
ideas  on  the  subject  which  we  in  England  have  acquired 
from  our  experience  in  training  men  and  animals  to  be  the 
best  muscular  machines  possible.  The  essence  of  training 
consists  in  increasing  the  quantity  of  proteids  in  the  food, 
diminishing  the  carbohydrates  and  fats,  and  exercising  all 
the  muscles  as  much  as  possible.  But  in  spite  of  Pfliiger’s 
arguments,  we  have  no  definite  facts  to  exclude  the  possi¬ 
bility  of  sugar  being  the  immediate  source  of  muscular 
energy.  We  know  for  a  certainty  that  sugar  and  glycogen 
may  be  formed  from  proteid,  and  this  formation  may  go  on 
in  Pfliiger’s  dog  which  is  fed  with  a  purely  proteid  diet. 
An  increase  in  the  amount  of  work  done  would  necessitate 
the  production  of  a  greater  quantity  of  sugar,  and  since  this 
can  only  come  from  proteid,  there  must  be  a  greater  disin¬ 
tegration  of  proteid  and  an  increased  excretion  of  urea,  so 
that  this  increased  excretion  would  be  merely  a  secondary 
result  of  the  doing  of  work.  It  is  still  quite  possible  that, 
as  Bunge  concludes,  muscular  work  may  be  performed  at 
the  expense  of  any  of  the  three  classes  of  food-stuffs.  The 
strongest  argument  in  favour  of  Liebig  and  Pfliiger’s  views 
is  still,  not  their  carefully  carried  out  experiments,  but  our 
common  experience  that  a  man  would  run  a  mile  better  on 
beefsteaks  than  on  pounds  of  grape  sugar. 

ON  THE  FORMATION  OF  FAT  IN  THE  BODY. 

It  is  generally  considered  that  fat  may  be  formed  from 
all  three  classes  of  food-stuffs,  and  Voit  looked  upon  proteid 
as  the  chief,  if  not  the  only  source,  of  fat,  the  fats  and  carbo¬ 
hydrates  of  the  food  only  increasing  the  fat  of  the  body  by 
their  sparing  influence  on  the  proteids  of  the  food.  The 
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chief  argument  for  the  formation  of  fat  from  proteid  is 
afforded  by  some  experiments  of  Pettenkofer  and  Voit,  in 
which  the  nitrogenous  income  and  output  of  the  animal 
were  measured,  as  well  as  the  evolution  of  C02.  In  many 
cases  in  which  the  animal  was  fed  on  lean  meat,  it  was 
found  that  all  the  nitrogen  taken  in  with  the  food  appeared 
in  the  urine,  but  there  was  a  deficiency  in  the  carbon  ;  so 
that  part  of  the  carbon  had  been  stored  up  in  the  body, 
presumably  as  fat.  In  (3),  Pfliiger  criticises  these  experi¬ 
ments  in  detail  and  shows  that  Pettenkofer  and  Voit’s  con¬ 
clusions  were  founded  on  faulty  assumptions,  and  that  in 
these  experiments  there  was  really  a  consumption  and  not 
a  deposition  of  fat. 

In  the  first  place,  Voit  did  not  take  into  account  the  fat 
and  carbohydrate  contained  in  the  meat  used,  which  in  their 
experiments  were  equivalent  to  io'8  grms.  fat  a  day.  More¬ 
over,  in  reckoning  out  the  daily  balance  sheet  of  the  animal, 
they  made  use  of  an  erroneous  analysis  of  the  meat.  V oit 
did  not  analyse  every  separate  sample  of  meat  given  to  the 
dogs,  but  assumed  its  composition  from  previous  analyses  of 
meat.  Voit,  in  previous  analyses,  found  that  meat  con¬ 
tained  3*59  per  cent.  N.  For  his  balance  sheets,  however, 
he  arbitrarily  adopts  the  figure  3*4  per  cent.  N.  According 
to  Voit,  therefore,  the  proportion  of  nitrogen  to  carbon  in 
the  meat  used  was  •  According  to  analyses  by  Rubner, 
carried  out  in  the  Munich  laboratory,  it  is  3^,  but  this  does 
not  take  into  account  0*5  per  cent,  glycogen  contained  in 
the  meat,  so  that  the  real  proportion,  according  to  Pfliiger, 
would  be  37J2  •  Making  this  alteration  in  the  assumed 
composition  of  the  meat  given,  Pfliiger  recalculates  all 
Pettenkofer  and  Voit’s  experiments,  and  finds  that  in  all 
of  them  the  amount  of  carbon  excreted  exceeded  the 
amount  taken  in  with  the  food,  so  that  the  animal  was 
really  consuming  the  fat  of  its  own  body.  In  no  case, 
according  to  Pfliiger,  can  fat  be  produced  in  the  body  from 
the  proteid  of  the  food.  As  the  proteid  of  the  food  is 
increased,  so  the  nitrogenous  metabolism  rises.  If  any  of 
the  proteid  is  retained  in  the  body,  it  is  retained  as 
proteid  and  not  as  fat. 
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After  disposing  of  Voit’s  experiments,  Pfliiger  considers 
certain  other  arguments  which  have  been  adduced  in' favour 
of  the  formation  of  fat  from  proteid. 

A.  Bitches,  during  lactation,  have  been  found  to  give  a 
milk  richer  in  fat  on  a  proteid  diet  than  on  a  diet  of  fat. 
Pfliiger  points  out  that  in  this  case  it  has  not  been  proved 
that  the  extra  fat  appearing  in  the  milk  has  not  been 
derived  from  a  transportation  and  change  of  the  fat  already 
deposited  in  other  parts  of  the  body. 

B.  Radziejewsky  is  quoted  by  Voit  as  showing  that  fat 
taken  in  with  the  food  is  not  directly  deposited  as  such 
in  the  body.  Pfliiger  points  out  that  Radziejewsky’s  ex¬ 
periments  prove  the  exact  opposite.  Moreover  the  direct 
deposition  of  fat  has  been  shown  by  many  subsequent 
observers  (Munk,  Lebedeff). 

C.  In  fatty  degeneration  and  phosphorus  poisoning, 
the  fat  is  universally  assumed  to  come  from  the  disintegra¬ 
tion  of  the  proteids  of  the  cell.  Pfliiger  points  out  that  the 
absolute  amount  of  fat  formed  under  these  circumstances  is 
very  small  and  may  come  from  the  transformation  of  carbo¬ 
hydrates  already  existing  in  the  body. 

D.  In  the  ripening  of  cheese  there  is  a  formation  of  fat 
from  proteid,  but  in  this  case  the  change  is  effected  by  fungi 
and  not  by  animal  organisms.  It  is  possible  too  that,  in 
Hofmann’s  experiments  on  the  production  of  fat  by  fly- 
maggots  on  putrid  blood,  the  fat  was  first  formed  by  the 
organisms  of  putrefaction  and  was  merely  eaten  up  by  the 
fly-maggots  and  deposited  in  their  tissues.  It  has  not  been 
shown  that  fly-maggots  can  convert  the  proteid  of  the  blood 
into  fat  in  the  absence  of  these  low  vegetable  organisms. 

Pfliiger’s  own  method  of  experiment  and  his  results  are 
given  at  length  in  (4).  In  these  he  used  dogs  which  were 
trained  to  pass  their  urine  when  required.  He  points  out 
that  only  with  such  animals  is  it  possible  to  obtain  any 
correct  information  of  the  nitrogenous  metabolism.  He 
criticises  severely  the  researches  in  which  the  urine  was 
collected  by  putting  the  dog  in  a  cage  with  an  inclined 
bottom,  since  both  urine  and  faeces  adhere  to  the  hairs  of 
the  animal  as  he  rolls  over,  and  one  can  never  be  certain 
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that  the  urine  passed  on  one  day  really  represents  that  day’s 
nitrogenous  excretion.  The  meat  used  for  feeding  the 
dogs  was  the  leanest  that  could  be  procured.  A  slaughterer 
at  Cologne  had  orders  to  telegraph  to  the  professor  at 
Bonn  whenever  a  particularly  scraggy  beast  was  to  be 
killed,  and  a  servant  was  at  once  sent  to  get  a  sample  of 
the  meat.  The  amount  of  fat  in  this  sample  was  determined, 
and,  if  the  percentage  was  low  enough,  several  hundred 
pounds  of  the  meat  were  purchased.  This  meat  was  finely 
minced  in  a  sausage-machine,  so  as  to  ensure  uniform 
composition,  and  then  was  packed  in  tin  boxes,  sealed  and 
sterilised.  A  sample  of  this  meat  was  accurately  analysed, 
so  that  the  exact  composition  of  the  food  used  in  the  ex¬ 
periments  was  known,  and  the  relation  of  nitrogen  to 
carbon  had  not  to  be  guessed  at,  as  in  Voit’s  experiments. 
I  may  here  summarise  Pfliiger’s  conclusions. 

1.  A  dog  can  live  a  perfectly  normal  life  on  a  diet  of 
which  the  combustible  constituents  are  nearly  pure  proteid. 

2.  The  smallest  possible  amount  of  proteid  that  must  be 
given  to  an  animal  to  maintain  its  weight  constant  when  no 
fat  or  carbohydrate  is  given  at  the  same  time  (Nahrungs- 
bediirfniss)  —  2*07  grms.  N.  per  kilo,  body-weight. 

3.  The  amount  of  food-proteid  necessary  is  conditioned 
solely  by  the  amount  of  flesh  on  the  animal,  and  is  not 
influenced  by  the  fat  or  carbohydrate  contained  in  the 
animal. 

4.  The  disintegration  of  proteid  increases  pan  passu  with 
the  amount  given  in  the  food,  a  small  quantity  of  the  excess 
being  stored  and  adding  to  the  weight  of  the  animal.  The 
animal,  however,  cannot  digest  more  than  30  to  40  per  cent, 
in  excess  of  the  necessary  amount  of  proteid.  Therefore, 
to  fatten  an  animal,  one  must  call  into  play  all  the  digestive 
mechanisms,  i.e.,  use  a  mixed  diet  containing  fats  and 
carbohydrates  as  well. 

5.  If  an  animal  receives  an  amount  of  proteid  not 
exceeding  the  necessary  amount,  increased  administration 
of  fat  or  carbohydrate  does  not  increase  the  metabolism, 
but  the  whole  excess  is  stored  up  as  fat.  As  proteid  has 
no  immediate  influence  on  fat-formation,  a  fattening  diet 
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should  contain  as  much  of  the  cheap  carbohydrates  and  as 
little  of  the  dear  proteid  as  possible. 

6.  The  non-nitrogenous  food-stuffs  are  only  oxidised 
when  the  amount  of  proteid  given  at  the  same  time  is  in¬ 
sufficient  for  the  animal’s  total  requirements. 

7.  To  increase  the  amount  of  meat  on  an  animal,  the 
proteid  given  in  the  food  must  exceed  the  indispensable 
minimum. 

CIRCULATING  PROTEID. 


If  an  animal  be  starved,  the  daily  excretion  of  urea 
sinks  rapidly  for  the  first  few  days,  and  then  for  a  con¬ 
siderable  time  remains  very  nearly  constant.  It  might  be 
thought  that  if,  during  this  time,  an  amount  of  proteid  were 
given  to  the  animal,  containing  a  proportion  of  nitrogen 
equivalent  to  that  which  the  starving  animal  was  excreting, 
the  loss  of  nitrogen  to  the  body  would  be  checked,  the  loss 
of  nitrogen  in  the  urine  being  replaced  in  the  tissues  by 
the  nitrogen  of  the  food.  This  is,  however,  not  the  case. 
After  the  administration  of  proteid  to  the  starving  animal, 
the  quantity  of  urea  excreted  is  almost  doubled,  showing 
that  nearly  the  whole  of  the  proteid  taken  in  is  disintegrated 
within  twenty-four  hours,  and  excreted  with  the  urine.  In 
order  to  produce  a  condition  of  nitrogenous  equilibrium,  it 
is  necessary  to  give  the  animal  two  and  a  half  times  the 
amount  of  proteid  corresponding  to  the  nitrogen  that  is 
excreted  during  starvation.  Voit  has  explained  this  fact  by 
supposing  that  the  proteid  taken  in  with  the  food  has  a 
twofold  destination  in  the  body,  part  of  it  going  to  supply 
the  tissue-waste,  and  being  built  up  into  the  living  proto¬ 
plasm  of  the  tissues  (‘  morphotic  ’  or  ‘tissue  proteid’), 
while  the  other  and  greater  moiety  (‘circulating  proteid’) 
passes  into  the  juices  that  bathe  the  protoplasmic  elements 
of  the  cells,  and  is  rapidly  broken  up  and  oxidised  there, 
without  at  any  time  forming  an  integral  part  of  the  proto¬ 
plasm. 

This  teaching  of  Voit  has  been  subjected  to  searching 
criticism  by  P Auger  (6).  He  shows,  in  the  Arst  place,  that 
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Voit  himself  has  never  clearly  indicated  what  is  meant  by 
circulating  proteid.  Originally,  at  any  rate,  Voit  looked 
upon  both  blood-plasma  and  lymph  as  circulating  proteid. 
In  his  later  writings,  however,  Voit  speaks  of  the  blood  as  an 
organ,  and  confines  the  conception  of  circulating  proteid  to 
the  proteids  of  the  tissue-juices,  that  is  to  say.  of  the  lymph. 
According  to  this  theory,  the  greater  part  of  the  processes 
of  oxidation  and  disintegration  must  take  place  outside  the 
cells,  whereas  the  work  of  Pfliiger  and  his  pupils  has  shown 
that  the  seat  of  oxidation  is  the  living  cell,  and  that  little  or 
no  metabolic  changes  take  place  within  the  blood  or  lymph. 
According  to  Voit,  the  greater  excretion  of  urea  in  a  proteid- 
fed  animal  is  due  to  the  fact  that  there  is  an  increased  cir¬ 
culation  of  a  fluid  that  is  rich  in  proteids  round  the  cells. 
According  to  Pfliiger’s  view,  however,  the  presence  of  a 
greater  or  less  amount  of  proteid  in  the  nourishing  medium 
would  not  be  the  determining  factor  for  the  amount  of  urea 
formed,  which  would  be  regulated  simply  and  solely  by 
the  condition  of  the  cells  themselves.  At  his  suggestion 
Schondorff  has  undertaken  an  experimental  investigation  of 
the  question  (7).  Departing  from  Schroder  and  Minkowsky’s 
experiments  on  the  seat  of  formation  of  urea,  Schondorff 
led  defibrinated  blood  alternately  through  the  hind  limbs 
and  the  liver  of  another  dog.  He  hoped  in  this  way  to  get 
the  products  of  metabolism  of  the  tissue  of  the  limbs,  and 
then  to  convert  these  into  urea  by  passing  the  blood  through 
the  liver. 

In  one  set  of  experiments  the  blood  from  a  dog  that 
had  been  starved  for  five  days  was  led  through  the  organs 
of  a  well-fed  dog.  In  these  experiments  he  found  that, 
without  exception,  the  urea  in  the  blood  was  largely  increased 
at  the  end  of  the  experiment. 

In  a  second  series  of  experiments  the  blood  of  a  fasting- 
animal  was  led  through  the  hind  limbs  and  liver  of  a  fasting 
animal.  In  these  the  amount -of  urea  in  the  blood  was  un¬ 
altered. 

In  a  third  set,  blood  of  a  well-fed  animal  was  led  through 
organs  and  liver  of  a  fasting  animal.  In  these  cases  the 
amount  of  urea  was  always  diminished. 
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From  these  experiments  Schondorff  draws  the  following 
conclusions  : — 

1.  The  extent  of  proteid  metabolism  depends  on  the 
nutritive  condition  of  the  cell  and  not  on  the  amount  of  pro¬ 
teid  contained  in  the  circulating  tissue-juices. 

2.  The  amount  of  urea  contained  in  the  blood  varies 
with  the  condition  of  the  animal.  The  blood  of  a  fasting 
dog  contained  o‘c>348  per  cent,  urea  as  a  minimum.  The 
maximum  amount  of  urea  in  the  blood  of  a  fed  dog  was 
o'i 529  per  cent. 

3.  Urea  is  manufactured  in  the  liver  out  of  nitrogenous 
substances  which  have  been  produced  in  the  other  organs. 
These  substances  are  probably  salts  of  ammonia. 

Pfliiger  then  would  explain  the  course  of  events  in  star¬ 
vation  as  follows  :  An  animal  cell  desires  above  all  things 
proteid  food,  and  when  it  can  get  enough  of  this  feeds  upon 
nothing  else.  Only  when  proteid  is  lacking  will  it  take  up 
fat  or  carbohydrate.  Thus,  while  a  dog  is  fed  on  a  rich 
mixed  diet,  he  lives  practically  on  proteid  alone,  storing  up 
the  fats  and  carbohydrates  of  the  food  as  fat.  If  food  be 
now  withdrawn,  the  animal  must  live  either  at  the  expense 
of  his  own  living  tissues  (proteids),  or  must  attack  the 
stored-up  fats  in  his  body.  The  latter,  as  a  matter  of  fact, 
takes  place.  The  animal  now  spares  the  precious  proteid 
and  lives  on  the  fat  of  his  own  body.  Hence  comes  the 
great  fall  in  the  excretion  of  urea  that  is  observed  in  starva¬ 
tion,  the  consumption  of  proteid  sinking  to  the  indispensable 
minimum.  If  now  a  proteid  meal  be  given,  the  cells  of  the 
body  return  to  their  former  way  of  living,  and  satisfy  as 
much  of  their  needs  as  possible  at  the  expense  of  proteid, 
so  that  the  urea  excretion  rises  almost  in  proportion  to  the 
food  given.  In  order  to  attain  nitrogenous  equilibrium,  it 
is  necessary  to  give  the  cells  enough  proteid  for  their  total 
requirements,  z.e.,  two  or  three  times  as  much  as  would  cor¬ 
respond  to  the  nitrogenous  excretion  during  hunger. 

These  views  of  Pfliiger  have  the  double  advantage  of 
being  simple  and  at  the  same  time  in  accord  with  the 
observed  facts  of  experiment,  and  will  no  doubt  displace 
the  hazy  and  indefinite  conception  which  has  given  birth  to 
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the  dissociation  of  the  metabolism  of  the  cell  from  the  meta¬ 
bolism  of  the  tissue- juices. 

Note. — The  method  employed  by  Schondorff  for  determining 
the  urea  in  the  blood  was  as  follows  :  One  volume  blood  is  treated 
with  two  volumes  of  a  solution  of  phospho-tungstic  acid  in  dilute 
hydrochloric  acid,  allowed  to  stand  twenty-four  hours  and  filtered 
(filtrate  I.).  By  this  means  the  proteids  and  nitrogenous  extrac¬ 
tives  (excluding  urea)  are  precipitated.  Filtrate  I.  is  rubbed  in  a 
mortar  with  calcium  hydrate  to  an  alkaline  reaction  and  filtered 
(Filtrate  II.).  Filtrate  II.  is  divided,  one  part  being  used  to  deter¬ 
mine  ammonia  by  a  modification  of  Schlosing’s  method.  In  another 
part  of  Filtrate  II.  the  total  nitrogen  is  estimated  in  the  following 
way :  10  grms.  of  crystallised  phosphoric  acid  are  weighed  out  into 
a  long-necked  flask  of  one  litre  capacity.  A  measured  quantity 
(15  or  30  c.cm.)  of  filtrate  II.  is  then  added,  and  the  mixture  heated 
three  hours  in  a  drying  oven  to  230°-26o°  C.  The  brownish  syrupy 
residue  at  the  bottom  of  the  flask  is  then  dissolved  in  boiling  water, 
70  c.cm.  caustic  soda  (sp.  gr.  1-25)  and  talc  added  to  the  mixture, 
which  is  then  heated.  The  ammonia  which  comes  off  is  collected 
in  a  measured  amount  of  titrated  H2  S04.  From  the  nitrogen  found 
in  this  way,  the  nitrogen  present  as  pre-formed  ammonia  is  sub¬ 
tracted.  The  remainder  represents  the  nitrogen  present  in  the 
blood  in  the  form  of  urea. 

(x)  Argutinsky.  Muskelarbeit  und  Stickstoffumsatz.  Pflilger’s 
Archiv ,  xlvi.,  p.  652. 

(2)  Die  Quelle  der  Muskelkraft.  Ibid.,  1.,  p.  98. 

(3)  Ueber  die  Entstehung  von  Fett  aus  Eiweiss  im  Ivorper.  Ibid., 
li.,  p.  229. 

(4)  ETeber  Fleisch-und  Fettmastung.  Ibid.,  lii.,  p.  1. 

(5)  Die  Ernahrung  mit  Kohlehydraten  und  Fleisch  oder  auch  mit 

Kohlehydraten  allein  in  27  von  Pettenkofer  und  Voit  ausge- 
fiihrten  Versuchen.  Ibid.,  lii.,  p.  239. 

(6)  Ueber  einige  Gesetze  des  Eiweissstoffwechsels.  Ibid.,  liv.,  p.  333. 

(7)  Schondorff.  In  welcher  Weise  beeinfltisst  die  Eiweissnahrung 
den  Eiweissstoffwechsel  der  thierischen  Zelle  ?  Ibid.,  liv.,  p. 
420. 

(8)  Jacobsthal.  Versuche  liber  die  Fettbildung  bei  der  Reifung  des 

Eases.  Ibid.,  liv.,  p.  484. 

(9)  Ueber  die  elementare  Zusammensetzung  des  Ochsenfleisches. 
Ibid.,  lv.,  p.  345. 
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THE  EVOLUTION  OF  IGNEOUS  ROCKS. 


THE  labours  of  many  workers  during  the  thirty  years 
which  have  elapsed  since  the  revival  of  petrological 
study  are  already  bearing  fruit,  and  geologists  in  general 
are  not  slow  to  perceive  the  value  of  the  new  data  already 
at  their  disposal  with  reference  to  some  of  the  more  difficult 
problems  of  their  science.  Indeed,  it  is  not  too  much  to 
say  that  from  the  purely  descriptive  study  which  has  been 
content  to  describe  itself  as  petrography,  there  is  already 
emerging  a  philosophy  of  petrology,  which,  we  may  expect, 
will  soon  be  able  to  deal  successfully  with  very  broad 
questions.  Of  these  questions  none  is  of  greater  interest 
or  more  fundamental  importance  than  that  of  the  origin  and 
mutual  relations  of  igneous  rocks. 

The  day  is  past  when  a  writer  was  content  to  describe 
a  rock  as  consisting  of  certain  specified  minerals,  and 
thought,  for  instance,  that  he  sufficiently  accounted  for  a 
high  silica-percentage  in  an  analysis  by  stating  that  the 
rock  contained  free  quartz.  It  is  recognised  that,  in  a  rock 
formed  from  igneous  fusion,  the  chemical  composition  must 
be  in  general  the  prime  datum  ;  so  that  it  is  not  the  minerals 
that  form  the  rock,  but  the  rock  (or  rather  the  rock-magma) 
that  forms  the  minerals.  Petrologists  have  thus  been  led 
to  discuss  the  physics  and  chemistry  of  the  molten  magmas, 
by  the  consolidation  of  which  igneous  rocks  have  been 
formed,  and,  in  particular,  to  inquire  how  such  diversity 
could  arise  in  the  composition  of  these  magmas  as  is 
proved  by  the  great  variety  observed  among  the  result¬ 
ing  rocks.  If  we  grant,  as  is  conceivable  and  indeed 
probable,  that  a  rock  can  be  formed  from  a  magma  of 
different  composition  from  its  own,  the  conditions  under 
which  this  might  take  place  open  up  a  new  branch  of  the 
problem. 

It  has  long  been  known  that  igneous  rocks  of  widely 
different  chemical  (and  in  part  mineralogical)  composition 
often  occur  in  close  association,  and  many  facts  seem  to 
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indicate  that  very  different  magmas  may  be  derived  from 
the  same  ultimate  source.  Taking  first  volcanic  rocks,  it  is 
noteworthy  that  though  the  lavas  erupted  at  different  times 
within  one  volcanic  district  may  differ  widely  in  chemical 
composition,  ranging  sometimes  between  very  acid  and  very 
basic  types,  yet  there  are  often  striking  chemical  peculiarities 
which  run  through  the  whole  group  of  rocks  belonging  to 
one  volcanic  centre,  differentiating  them  from  those  of  other 
centres,  and  only  to  be  explained  by  some  kind  of  con- 
sanguimty  among  the  associated  lava-flows.  This  is  well 
brought  out  in  a  paper  by  Iddings,1  in  which  he  reviews 
the  general  subject  of  the  origin  of  igneous  rocks,  and  draws 
illustrations  especially  from  those  studied  by  him  in  the 
Yellowstone  Park  region.  These  are  discussed  under  three 
heads.  The  volcanic  rocks  of  Electric  Peak  and  Sepulchre 
Mountain  range  in  silica-percentage  from  56  to  69,  but  still 
have  distinctive  characters  in  common,  such  as  the  constant 
predominance  of  soda  over  potash,  the  molecular  ratio  of 
the  two  varying  from  3  :  1  to  2  :  1.  The  rocks  of  the  old 
volcano.  of  the  Crandall  basin  show  a  greater  range  of 
composition,  the  silica-percentage  being  52  to  71^  ;n 
different  examples,  but  they  have  peculiarities  whichflink 
them  together.  The  alkalies  are  here  more  plentiful,  and 
the  predominance  of  soda  over  potash  less  marked,  the 
molecular  ratio  being  between  2  :  1  and  1:1.  In  the 
peculiar  dykes  and  flows  of  the  Absaroka  range,  with  a 
silica-percentage  ranging  from  47  to  69$,  the  alkalies  are 
present  in  still  greater  force,  and  are  about  equally 
represented.  Iddings  compares  these  three  groups  of 
rocks  with  those  of  the  well-known  Italian  volcanoes,  also 
rich  in  alkalies,  and  finds  that  each  district  has  its  own 
c  emical  characteristics.  In  the  case  of  Vesuvius  the 
molecular  ratio  of  soda  to  potash  varies  from  7  : 4  to  1  :  4. 
In  the  Etna  lavas  the  ratio  is  much  higher,  rising  even  to 

8  :  I’.  whlle  llme  and  magnesia  are  very  abundant.  In  the 
peculiar  rocks  of  Pantellaria  the  ratio  is  from  5  :  1  to  2  :  1. 
Here  iron-oxides  are  richly  present,  and  increasingly  so  in 
t  le  more  acid  rocks.  Iddings  shows  these  various  relations 
graphically,  taking  the  molecular  numbers  of  silica  as 
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abscissae  and  those  of  the  various  bases  as  ordinates  for 
their  respective  diagrams. 

Attempts  have  been  made  to  verify  directly  the  change 
in  the  material  erupted  by  a  single  volcano  through  long 
periods.  Lang 2  has  critically  examined  the  cases  of 
Vesuvius  and  Etna,  for  both  of  which  we  have  a  large 
number  of  chemical  analyses,  even  when  the  older  ones, 
conducted  with  imperfect  analytical  methods,  are  eliminated. 
Fuchs  had  already  concluded  (1870)  that,  in  spite  of  the 
complex  and  peculiar  mineralogical  constitution  of  the 
Vesuvian  lavas,  the  chemical  composition  of  the  different 
flows  erupted  in  historic  times  is  almost  exactly  the  same  ; 
and  von  Lasaulx  (1880)  had  arrived  at  a  very  similar 
conclusion  for  the  Etna  lavas.  Lang,  however,  makes  a 
more  searching  examination  of  the  analyses,  laying  special 
stress  on  the  relative  proportions  of  lime,  soda,  and  potash 
given  by  the  bulk-analyses  of  the  several  rocks.  From  a 
discussion  of  fifty-five  trustworthy  analyses  of  different  lavas 
of  Vesuvius,  he  finds  that  their  mean  composition  for 
different  periods  of  fifty  years  does  vary  sensibly,  and,  in 
particular,  that  the  lavas  of  1740  to  1790  were  richer  in 
alkalies  and  silica,  and  poorer  in  lime  than  those  which 
preceded  and  followed.  This  variation,  however,  is  not 
great,  and  is  evidently  not  progressive.  He  also  notes 
during  each  period  a  slow  variation  which  does  appear  to 
be  progressive  :  thus  the  lavas  of  the  last  hundred  years 
show  on  the  whole  a  gradual  increase  in  the  proportion  of 
lime  and  a  corresponding  falling  off  in  potash.  Again,  in 
the  Etna  lavas  from  1766  to  1879,  the  author  points  out  a 
gradual  increase  in  lime  as  compared  with  the  alkalies,  the 
ratio  rising  progressively  from  1*36  to  2  *88.  Despite  the 
small  variations  noted,  the  general  impression  obtained  from 
Lang’s  tables  is  that  of  remarkable  constancy  in  the  com¬ 
position  of  the  lavas  from  one  vent  through  many  centuries  : 
for  instance,  the  silica-percentage  of  the  rocks  poured  out 
from  Vesuvius  has  scarcely  changed  since  the  days  of 
Pompeii.  The  conclusion  is  that  the  processes  which 
produce  changes  act  very  slowly.  By  taking  thousands 
instead  of  hundreds  of  years,  we  might  expect  to  find  greater 
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differences.  This  is  indeed  illustrated  in  the  special  districts 
in  question,  the  Etna  lavas  here  discussed  are  very  distinctly 

more  basic  than  the  older  volcanic  rocks  connected  with 
the  same  centre. 

In  such  volcanic  districts  as  have  been  carefully  studied, 
a  definite  order  of  succession  in  time  has  been  observed  for 
the  different  types  of  lavas  erupted,  and  this  order,  despite 
exceptions,  seems  to  be  a  significant  one.  In  numerous 
cases  the  law  seems  to  be  that  the  earliest  products  are  of 
intermediate  chemical  composition  (andesites,  etc.),  while 
the  later  ones  become  progressively  more  acid,  or  more 
basic,  or  both  alternately  or  simultaneously,  i.e.,  increasingly 
different  from  the  first.  Two  recently  recorded  instances 
of  this  apparent  progressive  differentiation  may  be  added  to 
those  already  well  known. 

In  the  Eureka  district  of  Nevada,  Hague3  gives  the 
following  as  the  order  of  the  eruptions  in  Tertiary  times  : 

1.  hornblende-andesites,  ii.  hornblende-mica-andesites,  iii. 
dacites,  iv.  rhyolites,  v.  pyroxene-andesites,  vi.  basalts. 
Here  the  series  i.,  ii.,  v.,  vi.  is  one  of  increasing  basicity, 
while  i.,  iii.,  iv.  is  one  of  increasing  acidity. 

In  Mexico,4  again,  the  Tertiary  eruptions  began  in  the 
Upper  Miocene  with  what  are  described  as  andesitic  porphy¬ 
ries  and  propylitic  andesites,  and  these  were  followed  by 
extensive  outpourings  of  hornblende-andesite.  In  Pliocene 
times  there  followed  in  order  :  hornblende-mica-andesites, 
hornblende  -  hypersthene  -  andesites,  hypersthene  -  andesites, 
augite-andesites,  and  labradontes,  the  last  graduating 
into  the  numerous  basaltic  flows  which  have  continued 
through  Quaternary  times.  Here  the  general  order  is  one 
of  increasing  basicity,  but  the  acid  series  is  also  represented, 
though  with  less  completeness.  Rhyolites  occur,  of  which 
the  precise  epoch  is  not  known,  but  is  later  than  that  of  the 
hornblende-andesites. 

The  initial  magma  cannot  be  assumed  to  have  been  in 
every  volcanic  district  one  of  intermediate  composition.  In 
Iceland,  for  example,  is  found  an  enormous  extravasation  of 
basic  material,  while  the  intermediate  and  acid  lavas  are 
much  more  scantily  represented.  Still  rhyolites  occur  in 
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numerous  localities  in  the  island,  and  are  considered  by 
Backstrom5  to  be  products  of  the  differentiation  of  an 
original  basic  magma.  It  is  worthy  of  note  that  they  are 
soda-rhyolites,  potash  being  always  subordinate  to  soda. 
The  intermediate  rocks,  which  occur  sparingly,  are  not 
typical  andesites,  but  have  a  more  peculiar  composition. 

The  great  predominance  of  basic  lavas  is  observed  not 
only  in  Iceland,  but  in  Northern  Ireland,  Western  Scotland, 
the  Faeroer  Isles,  and  probably  a  considerable  part  of  the 
Arctic  regions,  all  of  which  have  belonged  in  Tertiary  times 
to  one  petrographical  province.  The  existence  of  such 
provinces,  each  having  its  varied  group  of  igneous  rocks 
agreeing  in  certain  characteristics  and  differing  from  the 
types  developed  in  adjacent  provinces,  naturally  leads  to 
the  idea  of  a  differentiation  in  space  as  well  as  in  time,  and 
that  on  a  regional  scale.  Judd  long  ago  pointed  out  the 
strong  contrast  between  the  Tertiary  volcanic  rocks  of 
Bohemia  and  of  Hungary,  divided  by  the  Carpathian  Chain, 
and  the  idea  can  be  extended  to  other  parts  of  Europe. 
Iddings,  in  the  memoir  already  cited,  remarks  that  America 
is  divided  by  the  long  chain  of  the  Rocky  Mountains  and 
the  Andes  into  two  vast  regions,  the  igneous  rocks  of  which 
offer  a  like  contrast.  Rocks  relatively  rich  in  alkalies  occur 
along  the  eastern  side  of  the  Rocky  Mountains,  in  the 
Central  and  Eastern  United  States  and  in  Canada,  in  Brazil 
and  along  the  eastern  part  of  the  Andes,  in  Argentina  and 
Paraguay  ;  while  in  the  western  region  quite  different  types 
are  found,  the  alkali-rocks  ( e.g .,  those  carrying  leucite  or 
nepheline)  being,  with  one  exception,  unknown  there.  The 
Yellowstone  Park  district  lies  near  the  dividing  line  of  these 
two  great  regions,  and  the  rocks  of  the  three  centres 
described  there  by  Iddings  show  considerable  differences 
according-  to  their  situations. 

o 

It  is  not  a  little  interesting  to  observe  how  regions 
petrographically  different  are  divided  by  mountain  ranges  ; 
the  problem  of  the  differentiation  of  igneous  rock-magmas 
on  a  large  scale  seems  thus  to  connect  itself  with  that  of 
crust-movements,  but  this  is  an  almost  untouched  field  of 
speculation.  Perhaps  materials  are  not  yet  available  for 
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examining  the  distribution  of  the  eruptive  rocks  of  greater 
geological  antiquity  in  Europe  in  relation  to  the  Hercynian 
and  older  mountain  ranges. 

o 

Although  the  fact  and  even  some  of  the  laws  of  differen¬ 
tiation  in  subterranean  igneous  magmas  might  be  inferred 
with  considerable  probability  from  a  comparison  of  lavas  at 
the  same  and  at  different  volcanic  centres,  the  phenomena 
and  possible  causes  of  such  differentiation  are  to  be  studied 
especially  in  rocks  which  have  consolidated  under  deep- 
seated  conditions,  and  have  been  exposed  by  erosion.  Here 
we  find  in  close  association  rock-types  of  widely  different 
chemical  composition,  but  often  having  peculiarities  in 
common  which  point  unmistakably  to  their  consanguinity, 
and  the  relative  ages  of  such  associated  rocks  is  indicated 
by  the  manner  in  which  the  newer  cuts  through  the  older. 
Further,  we  find  not  infrequently  in  one  and  the  same 
plutonic  body  of  rock  petrographical  types  differing  chemi¬ 
cally  as  well  as  mineralogically,  but  passing  into  one  another 
by  imperceptible  gradations. 

An  excellent  example  of  such  a  complex  of  plutonic 
rocks  is  that  described  by  Dakyns  and  Teall6  in  the  Garabal 
Hill  district,  near  Loch  Lomond.  The  major  part  of  this 
area  of  igneous  rocks  is  occupied  by  a  porphyritic  granite. 
To  the  east  of  this  occur  a  non-porphyritic  granite  and  a  less 
acid  rock,  described  as  tonalite  or  quartz-diorite,  and  then  a 
diorite  proper,  forming  the  margin  of  the  complex,  especially 
on  its  south-eastern  edge.  Associated  with  this  are  patches 
of  ultrabasic  rocks  (peridotites).  The  complex  thus  includes 
rocks  ranging  from  thoroughly  acid  to  ultrabasic,  related  to 
one  another  in  a  definite  manner.  In  some  places  a  sharp 
line  can  be  drawn  between  adjacent  rock-types,  and  when 
this  is  so,  the  more  acid  rock  is  always  found  to  be  newer 
than  the  more  basic  ;  in  other  places  the  several  types  pass 
gradually  into  one  another.  The  several  magmas  were, 
therefore,  introduced  in  order,  beginning  with  the  most 
basic  and  ending  with  the  most  acid  ;  but  the  process  was 
in  a  broad  sense  a  continuous  one,  and  it  is  irresistibly 
suggested  that  the  different  magmas  came  from  a  common 
source.  A  series  of  seven  chemical  analyses  shows  in  the 
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successive  intrusions  a  gradual  decrease  in  the  proportions 
of  iron-oxicles,  magnesia  and  lime,  and  a  corresponding 
increase  in  silica,  potash,  soda,  and  alumina,  the  last  two 
declining  again  at  the  acid  end  of  the  series,  which  includes 
members  with  silica-percentage  ranging  between  the  ex¬ 
tremes  37-Jr  and  76.  These  relations  are  made  clearer  by 
reducing  the  analyses  to  molecular  ratios  and  plotting  them 
graphically  after  the  fashion  of  Iddings.  An  examination 
of  the  constituent  minerals  of  the  rocks,  taken  in  the  same 
order,  leads  to  equally  interesting  results.  The  more  basic 
silicates  disappear  in  turn,  while  more  acid  ones  come  in, 
the  order  thus  arrived  at  being  as  follows  :  olivine,  pyroxene, 
hornblende,  biotite,  plagioclase,  orthoclase  and  quartz,  mi- 
crocline.  Now  this  is  also  the  order  of  crystallisation  of 
the  several  minerals  in  so  far  as  they  occur  together  in  the 
same  rock,  or,  more  accurately,  it  is  the  order  in  which 
the  several  minerals  began  to  crystallise  out  from  the 
magma,  for  their  periods  of  crystallisation  to  some  extent 
overlapped.  This  order,  as  Rosenbusch  has  remarked,  is 
the  normal  order  in  plutonic  rocks  in  general,  and  may  be 
roughly  summarised  as  an  order  of  decreasing  basicity. 
Our  authors  point  out  that  the  earliest  intruded  rocks  are 
thus  the  rocks  richest  in  the  earliest  formed  minerals.  If 
this  is  to  be  regarded  as  a  fact  of  general  significance,  it 
seems  to  point  to  a  connection  between  crystallisation  and 
differentiation  in  the  presumed  parent-magma.  Such  a 
supposition  might  be  fortified  by  evidence  from  other 
districts,  where  the  law  of  the  more  acid  rock  cutting  the 
more  basic  seems  to  hold  very  widely. 

In  this  connection  we  may  note  in  passing  the  observa¬ 
tion  of  Bayley 7  on  the  great  mass  of  gabbro  in  North-eastern 
Minnesota.  This  remarkable  body  of  rock  exhibits  striking 
variations  in  composition  in  different  parts,  being  sometimes 
very  rich  in  olivine,  sometimes  rich  in  augite  and  biotite, 
and  again  poor  in  augite  and  very  rich  in  felspar.  Never¬ 
theless,  so  far  as  the  investigation  goes,  the  felspars  of 
these  various  types  seem  to  be  of  practically  the  same 
variety,  a  basic  labradorite.  If  the  differentiation  had  been 
effected  in  the  magma  prior  to  the  crystallisation  of  the 


THE  EVOLUTION  OF  IGNEOUS  ROCKS. 


*59 


felspar,  we  should  expect  the  different  partial  magmas  to 
have  given  birth  to  different  varieties  of  felspar.  There 
are,  however,  in  other  districts,  examples  of  plutonic  rocks 
apparently  derived  from  a  common  source,  but  differing 
widely  in  mineralogical  as  well  as  in  chemical  composition. 
In  such  cases  it  must  be  supposed  that  differentiation  was, 
at  least  in  the  main,  anterior  to  and  independent  of 
crystallisation. 

This  and  other  very  interesting  points  are  illustrated  in 
a  recently  published  paper  of  Brogger8  on  the  rocks  of 
Gran  near  Christiania.  Intruded  in  Devonian  times  among 
the  older  strata  of  the  Christiania  district,  there  occurs  a 
group  of  igneous  rocks  ranging  from  very  basic  to  acid,  but 
having  in  common  certain  peculiarities,  such  as  an  unusually 
high  content  of  soda,  which  would  alone  afford  strong  pre¬ 
sumptive  evidence  of  consanguinity.  The  field-relations  of 
the  rocks  are  equally  convincing  on  this  point,  and  further 
bring  out  the  fact  that  the  succession  in  time  of  the  several 
types  is  a  definite  one,  viz.,  an  order  of  increasing  acidity. 
The  whole  group  of  rocks  has  been  interpreted  by  Brogger 
in  former  memoirs  as  the  products  of  successive  intrusions 
from  a  large  subterranean  magma-reservoir,  in  which  differ¬ 
entiation  had  already  taken  place.  Such  magma  must  have 
underlain  a  large  tract  of  country,  and  may  itself  have 
originated  by  differentiation  on  a  regional  scale  from  a 
hypothetical  magma  of  much  wider  extent.  This  paper 
deals  only  with  the  earliest  and  most  basic  product  of 
differentiation  of  the  general  magma  of  the  Christiania 
district,  and  the  author  shows  that  this  in  turn  underwent 
differentiation  within  the  limited  area  described  in  the 
vicinity  of  Gran.  The  rocks  in  question  occur  along  a 
tract  some  thirty-three  miles  long,  following  a  line  of 
fissure  which  runs  roughly  north  and  south.  The  dominant 
type  is  described  as  an  olivine-gabbro-diabase,  but  it  is 
pointed  out  that  its  chemical,  and  in  part  its  minera¬ 
logical,  composition  varies  in  a  definite  manner  in  the 
different  exposures,  the  silica-percentage  increasing  from 
43 '65  D  the  north  to  49*25  in  the  south.  This  is  taken  to 
indicate  a  differentiation  of  the  basic  magma  on  a  rather 
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large  scale.  Besides  the  dominant  rocks,  there  are  along 
the  whole  stretch  of  country  innumerable  dykes  and  sills. 
These  are  of  two  peculiar  rock-types,  camptonite  and 
bostonite,  the  one  more  basic,  the  other  more  acid  than  the 
olivine-gabbro-diabase.  The  two  are  intimately  associated, 
often  in  the  same  dyke-fissure  ;  but  where  one  cuts  the 
other,  the  bostonite  is  invariably  the  newer.  The  field- 
evidence  proving  that  these  dykes  are  genetically  connected 
with  the  main  basic  intrusions,  Brogger  regards  the  two 
rock-types  as  complementary  products  of  differentiation  of 
the  original  basic  magma,  and  he  shows  from  the  analyses 
that  nine  parts  of  camptonite  and  two  of  bostonite  give 
almost  precisely  the  mean  composition  of  the  olivine- 
gabbro-diabase.  This  differentiation  must  have  been 
effected  prior  to  crystallisation  of  any  importance,  as  is 
clear  from  the  striking  difference  in  mineral  constitution 
between  the  rocks  :  for  instance,  the  ferro-magnesian 
minerals  in  the  main  intrusions  are  olivine,  pyroxene,  and 
biotite ;  in  the  camptonite  dykes,  brown  hornblende. 
Camptonites  and  bostonites  are  known  in  other  countries, 
such  as  Canada,  in  connection,  not  with  gabbro,  but  with 
nepheline-syenite,  and  we  learn  that  the  same  rock-types 
may  arise  by  differentiation  from  more  than  one  kind  of 
parent-magma.  Again,  the  large  masses  of  olivine-gabbro- 
diabase  are  found  to  pass  frequently  into  special  basic  rocks, 
such  as  pyroxenites,  which  are  traversed  by  segregation- 
veins  of  a  more  acid  rock,  akerite  or  augite-syenite.  These 
types  also  are  regarded  as  complementary  products  of 
differentiation  from  the  original  basic  magma,  and  it  thus 
appears  that  a  given  parent-magma  may  be  differentiated 
into  partial  magmas  in  more  than  one  way,  with  different 
results. 

As  an  example  of  differentiation  of  a  totally  different 
kind,  we  will  take  the  case  of  certain  muscovite-biotite- 
gneisses  in  the  highlands  of  Forfarshire,  the  peculiarities  of 
which  have  been  described  by  Barrow.9  The  field-relations 
of  these  rocks  conclusively  prove  their  igneous  origin  and 
intrusive  nature.  They  form  innumerable  thin  sills,  bands, 
and  veins  in  rocks  highly  metamorphosed  by  them,  and 
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they  have  evidently  been  injected  under  great  pressure. 
They  consist  essentially  of  oligoclase,  muscovite,  biotite, 
quartz,  and  subordinate  microcline.  Apart  from  the  gneissic 
structure,  which  is  not  constant,  they  differ  from  normal 
granites,  chiefly  in  their  smaller  proportion  of  potash-felspar 
and  quartz  and  in  a  peculiar  rounded  form  of  the  crystals  of 
oligoclase.  The  micas,  which  crystallised  earlier,  are  well 
shaped,  but  the  oligoclase,  which  came  next,  seems  to  have 
been  arrested  in  its  growth  before  the  crystals  attained 
their  proper  form.  It  resembles,  indeed,  the  rounded 
nucleus  so  frequently  outlined  in  the  felspars  of  normal 
granites  by  zones  of  growth,  but  completed  there  by  an 
outer  shell  with  crystal  contours.  What  happened  then  to 
interrupt  the  normal  course  of  consolidation  when  the 
oligoclase  was  but  partially  crystallised  out  ?  The  answer 
seems  to  be  that  at  this  stage  the  residual  liquid  was  in  part 
drained  off  and  squeezed  forward  (in  a  southerly  direction) 
as  a  partial  magma  richer  in  potash  and  silica  than  the  original 
magma.  It  is  now  found  consolidated  in  the  form  of  peg¬ 
matite.  Tracing  the  gneiss  southward,  it  is  found  to 
change  character.  The  oligoclase  becomes  less  rounded 
and  forms  a  smaller  proportion  of  the  rock,  the  gneissic 
structure  is  lost,  and  muscovite  begins  to  predominate 
largely  over  biotite.  The  rock  is  now  permeated  by  strings 
of  coarse  pegmatite,  consisting  essentially  of  microcline, 
quartz,  and  muscovite,  and  this  increases  in  bulk  until  a 
massive  fringe  of  pegmatite  forms  the  southern  border  of 
the  gneiss  area.  Barrow  concludes  that  in  this  area  a 
normal  granite-magma  was  intruded  in  connection  with  the 
great  crust-movements  which  have  affected  the  whole  region, 
and  was  injected  under  enormous  pressure  into  every  fissure 
and  line  of  weakness  in  the  solid  rocks.  This  was  effected 
concurrently  with  the  progress  of  crystallisation  in  the 
magma,  and  the  liquid  portion  was  thus  able  to  enter 
crevices  too  small  to  admit  the  already  crystallised  minerals, 
and  so  to  travel  always  in  advance.  The  final  residual 
magma  crystallised  as  pegmatite,  and  the  gneiss  and  peg¬ 
matite,  are  thus  complementary  products  of  the  original 
magma.  Differentiation  has  here  been  brought  about  by 
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purely  mechanical  forces  operating  on  a  magma  in  which 
crystallisation  was  in  progress. 

This  leads  to  a  few  remarks  on  the  possible  causes  of 
differentiation  in  rock-magmas,  on  which  question  various 
speculations  have  been  advanced.  When  the  separation  is 
merely  between  crystallised  minerals  and  the  residual 
magma,  it  is  easy  to  see  that  the  cause  may  be  a  purely 
mechanical  one.  We  have  seen  an  illustration  in  the 
filtering  process  described  by  Barrow,  and  this  is  of  special 
interest  as  supplying  a  possible  link  between  differentiation 
and  crust-movements.  Again,  gravity  must  be  taken  into 
account  as  a  probable  factor.  Very  little  is  known  regarding 
the  relative  densities  of  rock-magmas  and  crystals  at  very 
high  temperatures  ;  but  it  is  to  be  expected  that  the  more 
basic  minerals  at  least  would  sink  in  a  magma  from  which 
they  had  crystallised  out,  unless  that  magma  possessed  a 
high  degree  of  viscosity ;  and  even  in  this  case,  if  the 
viscosity  followed  the  laws  laid  down  by  physicists,  the 
sinking,  though  slow,  would  be  no  less  certain.  Such  a 
process  would  give  rise,  in  the  lower  layers  of  a  magma- 
reservoir,  to  a  relative  richness  in  the  more  basic  minerals. 
We  have  seen,  however,  that  in  some  well-established  cases 
differentiation  was  certainly  not  posterior  to  the  crystallisa¬ 
tion  of  these  minerals,  and  geologists  have  accordingly 
turned  their  attention  especially  to  possible  causes  of  differ¬ 
entiation  by  diffusion  in  a  still  fluid  magma. 

Here  again  the  question  of  viscosity  would  seem  to  be 
an  important  one,  and  any  experimental  results  bearing  on 
the  viscosity  of  rock-magmas  are  of  value.  Vogt’s10  re¬ 
searches  on  artificial  slags  are  of  especial  interest.  They 
were  made  on  slags  having  the  general  composition  of 
rock-magmas,  without  water  or  any  special  fluxes,  and 
under  atmospheric  pressure.  Vogt  found  that  the  vis¬ 
cosity  of  such  a  slag  increases  with  its  content  of  silica, 
and  increases  rapidly  if  the  silica  exceeds  58  or  60  per 
cent.,  i.e.,  in  magmas  corresponding  to  acid  rocks.  On 
the  other  hand,  ferrous  oxide  in  a  slag  strongly  promotes 
fluidity;  magnesia  has  the  same  effect,  though  less  markedly; 
and  lime,  and  probably  soda,  act  in  the  same  sense.  A 
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moderate  proportion  of  potash  or  a  large  proportion  of 
alumina  in  an  acid  slag  produces  a  notable  increase  of 
viscosity.  The  experiments  thus  tend  to  show  that  a 
normal  acid  rock-magma,  rich  in  silica  and  usually  in 
potash,  will  be  markedly  viscous,  while  a  basic  one,  poor 
in  silica  and  rich  in  lime,  magnesia,  and  iron-oxides,  will 
be  very  fluid.  Vogt  remarks  that  the  difference  between 
extreme  examples  of  slags  is  very  great :  at  the  same 
moderate  temperature-distance  above  their  respective 
melting-points,  highly  basic  slags  flow  like  water,  while 
highly  acid  ones  are  as  sluggish  as  tar.  It  is  probable 
that  any  differences  between  the  slags  and  natural  rock- 
magmas  will  favour  greater  fluidity  in  the  latter,  the  water 
which  probably  forms  part  of  every  rock-magma  doubtless 
tending  to  reduce  the  viscosity.  On  the  whole,  then,  we 
should  not  expect  viscosity  to  be  a  serious  obstacle  to 
diffusion,  at  least  in  the  more  basic  magmas.  It  is,  in  fact, 
in  the  basic  rocks  that  the  actual  phenomena  of  differentia¬ 
tion  are  most  strikingly  exhibited. 

A  not  uncommon  type  of  variation  in  a  magma  which 
has  been  differentiated  and  consolidated  in  situ  is  that  in 
which  the  resulting  rocks  grow  progressively  more  basic 
from  the  centre  to  the  margin  of  the  mass.  The  phenomena 
agree  with  the  supposition  that  those  constituents  of  the 
magma  which  are  normally  the  earliest  to  crystallise  out  as 
the  temperature  falls,  viz.,  the  iron-oxides  and,  in  a  less 
degree,  the  more  basic  silicates,  have  become  concentrated 
in  the  cooler  marginal  parts  of  the  reservoir.  Vogt11  has 
given  an  economic  interest  to  this  part  of  the  subject  by 
his  hypothesis,  that  certain  rich  bodies  of  iron-ore  are  the 
products  of  an  extreme  “  magmatic  concentration  of  this 
kind.  His  results  have  been  abstracted  in  English,  and 
are  well  known.  Numerous  instances  of  bodies  of  plutonic 
rock  or  dykes  becoming  more  basic  in  composition  from 
centre  to  margin  have  been  described  by  other  authors,  and 
several  of  these  are  cited  in  the  new  edition  of  Zirkels 
text-book. 

It  is  more  especially  in  view  of  such  cases  as  these  that 
several  petrologists  have  tried  to  apply  what  is  known  as 
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“  Soret’s  principle”.  In  this  view  a  molten  rock-magma 
is  regarded  as  of  the  nature  of  a  solution,  the  constituent 
which  is  on  the  point  of  crystallising  out  at  any  stage  of  the 
consolidation  being  considered  as  dissolved  in  the  residual 
liquid,  or  some  special  silicate-compound  being  regarded 
as  the  solvent.  Now  Van  ’t  Hoffs  theory  of  osmotic 
pressure  teaches  that  if  different  parts  of  an  ordinary 
saline  solution  be  at  different  temperatures,  the  concen¬ 
tration  will  also  vary,  equilibrium  being  attained  only 
when  the  concentration  in  different  parts  is  inversely 
as  the  absolute  temperature.  Experiments  tending  to  the 
same  general  conclusion  had  previously  been  made  by 
Soret.  This  idea,  applied  to  rock-magmas,  has  been  held 
to  afford  some  explanation  of  the  relative  concentration  of 
the  basic  constituents  in  the  cooler  part  of  a  magma-basin. 
These  constituents,  which  are  the  first  to  separate  out  when 
crystallisation  begins,  are  regarded  as  the  least  soluble. 

1  he  applicability  of  Soret’s  principle,  at  least  in  its 
simple  form,  to  the  case  of  rock-magmas  has  been  doubted 
in  various  quarters.  It  is  easy  to  see  that  the  case  of  a 
silicate-magma  is  much  more  complex  than  that  of  a  single 
salt  dissolved  in  water,  and  in  dilute  solution.  Backstrom,12 
in  particular,  has  adversely  criticised  the  theory,  and  prefers 
to  the  analogy  of  a  saline  solution  that  of  a  mixture  of 
liquids.  Taking  an  example,  he  remarks  that  water  and 
aniline,  if  mixed  at  ordinary  temperatures,  separate  into 
two  layers,  one  consisting  of  water  with  about  one  per  cent, 
of  aniline,  the  other  of  aniline  with  about  two  per  cent,  of 
water.  If  the  temperature  be  raised,  the  proportions  of 
aniline  in  the  former  layer  and  water  in  the  latter  increase, 
until  at  1 66°  the  distinction  between  the  two  layers  dis¬ 
appears.  This  property  of  mixing  freely  above  a  certain 
temperature,  and  separating  more  and  more  completely  as 
the  temperature  falls  below  that  degree,  is,  he  maintains,  a 
property  common  to  all  liquid-mixtures  where  no  chemical 
action  takes  place  ;  and  he  proposes  to  apply  it  to  the  case 
of  fluid  rock-magmas  regarded  as  mixed  liquids. 
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VERMES,  CCELENTERA  AND  PROTOZOA. 
LT HOUGH  there  are  no  very  startling  discoveries 


1~\.  to  record  either  in  the  anatomy  or  development  of 
the  lower  groups  of  Invertebrates,  we  may  consider  that, 
on  the  whole,  very  steady  progress  has  been  made. 

Those  investigators  who  devote  their  energies  to  these 
lowly  creatures  have  been  filling  up  the  gaps  in  our  know¬ 
ledge  of  the  anatomy  and  development  of  some  of  the 
most  important  and  interesting  genera,  or  in  completing, 
so  far  as  possible,  the  account  of  their  distribution  over 
the  face  of  the  globe.  Several  new  genera  and  species 
have  been  described,  the  number  being  considerably  larger 
in  the  groups  of  parasitic  worms  and  protozoa  than  in  the 
Ccelentera,  but  no  new  forms  of  any  very  striking  morpho¬ 
logical  importance  have  come  to  light ;  nor  have  any  con¬ 
siderations,  based  upon  anatomical  or  embryological  research, 
been  brought  forward,  which  would  justify  any  serious 
alterations  in  the  classifications  that  are  usually  adopted. 

The  most  important  monograph  dealing  with  special 
genera  is  that  of  the  late  George  Brook,  on  the  genus 
Madrepora,  published  by  the  trustees  of  the  British 
Museum.  This  valuable  work  contains  an  account  of  no 
less  than  220  species,  and  is  fully  illustrated  by  35  quarto 
plates  of  collotype  reproductions  of  photographs  taken  by 
the  author. 

A  careful  and  conscientious  monograph  such  as  this  is 
cannot  fail  to  be  of  great  use  to  those  who  wish  to  identify 
species  ;  but  it  is  greatly  to  be  regretted  that  the  author’s 
life  was  not  spared  to  give  us  a  condensed  summary  of  the 
known  facts  concerning  the  geographical  and  bathymetrical 
distribution  of  the  genus. 

Before  the  publication  of  Brook’s  monograph,  Rehberg 
had  published 1  some  useful  lists  of  the  names  of  the  species 
of  Madrepora  occurring  on  the  coral  reefs  of  different  regions 

1  Rehberg,  H.,  Neue  und  wenig  bekannte  Korallen,  Abh.  Ver.  Hatnb ., 
xii.,  pp.  1-50. 
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of  the  world  ;  but  had  he  had  the  advantage  of  working 
with  the  help  of  this  new  monograph,  his  lists  would  have 
been  much  more  complete  and  useful  than  they  are.  Now 
that  we  have  so  much  knowledge  of  the  species  of  Madre- 
pora,  it  is  to  be  hoped  that  some  naturalist  will  before  long 
undertake  the  task  of  giving  to  us  a  monograph  of  the 
distribution  of  this  important  and  interesting  genus. 

Leaving,  for  the  present,  matters  connected  with  the 
progress  of  our  knowledge  of  the  systematic  zoology  of 
these  groups,  and  passing  on  to  recent  anatomical  and 
embryological  research,  we  find  that  among  recent  papers 
one  of  the  most  important  is  that  of  Harmer,  on  the 
“  Embryonic  Fission  in  the  Cyclostomatous  Polyzoa”.  1 

Several  examples  of  a  process  of  fission  or  gemmation 
of  very  young  embryoes  or  embryonic  forms  have  been 
known  to  naturalists  for  some  little  time.  One  of  the 
best  known  of  these  is  the  case  of  the  earth-worm  Lum- 
bricus  trapezoides,  investigated  by  Kleinenberg,  where  the 
embryo,  whilst  still  in  the  gastrula  stage,  either  divides 
into  two  equal  halves,  each  of  which  produces  a  complete 
embryo  by  simple  fission,  or  produces  two  or  more  buds  by 
a  process  of  gemmation. 

The  production  of  lateral  buds  on  the  Scyphostoma  or 
larval  hydra-tuba  stage  of  certain  jelly  fish  belonging  to 
the  order  of  Scyphomedusse  may  be  regarded  as  belonging 
to  the  cases  of  embryonic  gemmation,  but  an  even  earlier 
form  of  this  occurs  in  Chrysaora  and  Aurelia,  in  which,  as 
Busch  and  Haeckel  have  shown,  numerous  buds  may  be 
formed  by  the  larvae  whilst  still  in  the  gastrula  stage. 

These  facts  then  prepare  us  for  an  account  of  embry¬ 
onic  fission  or  gemmation  in  a  group  of  animals,  such  as 
the  Polyzoa,  which  multiply  during  their  lifetime  very  rapidly 
by  the  ordinary  processes  of  asexual  reproduction. 

The  subject  of  the  investigation  was  Crisia  ramosa,  a 
species  which  is  common  in  the  water  near  Plymouth. 
On  the  examination  of  the  growing  point  of  a  branch  of 

1  Harmer,  S.  F.,  Embryonic  Fission  in  Cyclostomatous  Polyzoa, 
Quart.  Jour.  Micr.  Sci .,  xxxiv. 
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the  colony,  Mr.  Harmer  found  that  certain  buds  may  be 
distinguished  at  an  early  stage  from  the  ordinary  buds 
which  form  the  polypides  of  the  Zooecia,  by  the  fact  that 
each  of  them  contains  a  single  large  cell  or  ovum.  These 
buds,  separated  off  from  the  true  growing  point  by  ordinary 
septa,  and  homologous  with  the  Zooecia,  become  modified 
to  form  the  structures  which  are,  rather  unfortunately, 
called  the  ovicells.  Each  “ovicell”  is,  in  fact,  a  chamber, 
in  protoplasmic  communication  with  its  neighbours,  largely 
filled  up  with  ordinary  funicular  tissue,  but  containing  an 
obvious  polypide  bud  and  one  ovum.  The  process  of  fer¬ 
tilisation  was  not  observed,  but  there  can  be  little  doubt  that 
it  takes  place.  The  segmentation  is  remarkable  for  the  fact 
that  the  blastomeres  are  either  very  loosely  connected  with 
one  another  or  quite  separate,  a  condition  which  is  only 
paralleled  by  the  cases  of  Salpa,  as  described  by  Salensky, 
and  Dendrocoelum,  as  described  by  Halley.  This  is  followed 
by  the  formation  of  an  embryo,  in  which  it  is  difficult  to 
distinguish  any  definite  embryonic  layers,  as  it  consists  of 
simply  an  undifferentiated  protoplasmic  mass  in  which  nuclei 
are  irregularly  scattered.  After  a  time  this  embryo  sends 
out  several  finger-shaped  processes,  each  of  which  becomes 
divided  up  into  rounded  masses  of  cells  by  a  series  of 
transverse  constrictions,  and  each  of  these  rounded  masses 
of  cells  becomes  a  larva. 

Although  this  interesting  process  of  embryonic  fission 
has  only  been  observed  in  this  one  case  of  Crisia  ramosa, 
it  is  not  improbable  that  future  investigation  will  prove 
that  it  is  of  common  occurrence  among  the  Cyclostomatous 
Polyzoa. 

Among  the  notable  papers  of  recent  times,  one  by 
Dr.  Fowler1  on  the  anatomy  of  Rhabdopleura  must  be 
referred  to.  A  renewed  investigation  of  this  interesting 
form  has  led  the  author  to  the  conclusion  that  it  must  be 
included  with  Balanoglossus  and  Cephalodiscus  in  the  group 
of  the  Hemichordata.  It  is  some  years  now  since  Bateson 

1  Fowler,  G.  H.,  “Morphology  of  Rhabdopleura  Normani,”  Leuc- 
kart’s  Fest.,  1892. 


VERMES,  CCELENTERA  AND  PROTOZOA.  169 


pointed  out  that  Balanoglossus  possesses,  in  addition  to  its 
vertebrate  character  of  pharyngeal  gill  slits,  a  small  structure 
projecting  from  the  dorsal  wall  of  the  pharynx  into  the  pro¬ 
boscis,  which  histologically  and  morphologically  resembles 
the  notochord.  For  this  and  for  other  reasons,  which  it  is 
not  necessary  to  discuss  here,  he  proposed  to  establish  a 
group  called  the  Hemichordata  for  the  reception  of  Balan¬ 
oglossus,  in  order  to  indicate  more  clearly  its  supposed 
chordate  affinities. 

A  few  years  later  a  remarkable  colonial  animal  was 
discovered  among  the  material  brought  home  by  the 
Challenger  expedition,  which  was  at  first  supposed  to  be 
a  Polyzoan,  but  was  afterwards  proved  by  Harmer  to 
possess  a  notochordal  structure  similar  to  that  of  Balan¬ 
oglossus  and  a  single  pair  of  gill  slits.  Cephalodiscus,  as 
this  animal  was  called,  was,  therefore,  transferred  to  the 
Hemichordata*. 

The  genus  Rhabdopleura  has  occupied  for  many  years 
a  very  uncertain  position  in  our  systems  of  classification. 
It  forms  creeping  colonies,  which  are  found  attached  to 
ascidian  tests  and  dead  corals  in  deep  water  in  the  Nor¬ 
wegian  and  Scotch  fjords.  Discovered  by  the  Rev.  A.  M. 
Norman,  in  1868,  it  has  been  the  subject  of  memoirs  by 
Profs.  Allman,  Sars,  and  Lankester,  but  it  was  left 
for  P'owler  to  discover  the  existence  of  a  notochord 
similar  to  that  of  Balanoglossus  and  Cephalodiscus,  and 
to  point  out  other  features  in  which  it  shows  affinities 
with  the  Hemichordata.  In  one  important  respect,  how¬ 
ever,  it  differs  from  these  other  two  genera,  and  that  is 
in  the  absence  of  gill  slits.  Whether  this  is  a  character, 
which  in  itself  should  be  considered  sufficient  to  separate 
Rhabdopleura  from  the  Hemichordata,  is  a  question  which 
cannot  be  satisfactorily  answered  until  we  have  some 
account  of  its  development,  but  it  is  a  great  gain  to 
know  at  last  in  what  direction  its  true  affinities  lie. 

The  two  great  groups  of  parasitic  platodes — the  Tre- 
matoda  and  Cestoda — are  separated  from  one  another  by 
several  anatomical  characters  ;  but,  of  these,  the  two  most 

obvious  and  important  are  that,  whereas  the  Trematoda 
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are  unsegmented  animals,  with  a  well-marked  alimentary 
canal,  the  Cestoda  are  divided  by  a  number  of  constric¬ 
tions  into  a  series  of  segments,  and  possess  no  trace  of  an 
alimentary  canal.  When,  therefore,  we  find  a  parasitic 
platode  that  has  an  unsegmented  body  and  no  trace  of 
an  alimentary  canal,  we  are  naturally  anxious  to  learn 
whether  its  affinities  are  more  closely  connected  with  the 
former  group  or  the  latter.  Such  an  animal  is  Caryophyl- 
laeus,  a  form  that  is  found  parasitic  in  the  intestines  of  a 
certain  fresh-water  fish. 

We  are  indebted  to  Dr.  H.  Will1  of  Retelsdorf  for  a 
careful  study  of  the  anatomy  of  Caryophyllseus  mutabilis 
parasitic  in  the  intestines  of  the  bream  of  the  Warnow 
River,  and  for  a  very  strong  confirmation  of  the  views 
previously  held  by  most  naturalists  that  this  interesting 
parasite,  although  showing  some  primitive  features,  is, 
nevertheless,  a  true  Cestode. 

The  principal  points  brought  out  by  Will’s  paper  are 
briefly  as  follows  :  The  excretory  system  is  in  very  marked 
contrast  to  that  of  most  of  the  Cestodes.  It  consists  of 
four  main  ascending  trunks,  which  collect  the  secretion  of 
capillaries  from  the  parenchymatous  tissues  of  the  body,  and 
pass  forwards  from  the  trunk  towards  the  head.  In  the 
region  of  the  neck  these  four  trunks  unite  into  two,  which 
in  the  head  break  up  into  a  complicated  anastomosis. 
Passing  backwards  from  the  cephalic  anastomosis  are  ten 
descending  trunks,  which  unite  together  at  the  excretory 
pore,  situated  at  the  posterior  end  of  the  body. 

In  the  arrangement  of  the  single  group  of  sexual  organs, 
Caryophyllseus  approaches  that  of  the  Bothriocephalidse,  a 
family  which  many  naturalists  consider  to  be  more  primitive 
in  their  anatomy  than  the  true  tapeworms.  In  the  Taeniadse 
the  uterus  is  a  branched  organ,  which  communicates  only  with 
the  genital  pore  by  the  vagina.  In  the  Bothriocephalidse, 
on  the  other  hand,  the  uterus  communicates  with  the 
exterior  by  a  separate  os  uteri,  situated  some  distance  apart 

1  Will,  H.,  “Anatomie  von  Caryophyllseus  mutabilis,”  Zeitschr.  f  wiss. 
Zoo l .,  lvi.  1. 
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from  the  generative  pore.  In  Caryophyllaeus,  although 
there  is,  as  in  the  Bothriocephalidae,  a  separate  vagina 
and  uterine  duct,  these  join  together  and  open  at  the 
generative  pore  as  a  single  duct. 

But  perhaps  the  most  important  part  of  Will’s  work 
lies  in  his  account  of  the  nervous  system.  He  finds  in 
the  trunk  ten  nerve  cords  running  longitudinally  down  the 
body.  Of  these,  two  run  laterally  within  the  longitudinal 
layer  of  muscles,  and  are  considerably  larger  than  the  others. 
These  he  calls  the  principal  trunks  (“  hauptstamme  ”).  Of 
the  remaining  eight,  all  of  which  run  outside  the  circular 
muscular  layer,  two  are  situated  dorsally,  two  ventrally,  and 
four  laterally.  The  four  lateral  nerves  of  the  outer  layer 
are  situated  close  to  the  principal  trunks,  although  separated 
from  them  in  the  body  region  by  a  thin  layer  of  muscles, 
but  in  the  region  of  the  neck  they  fuse  with  them  ;  so  that 
there  only  six  trunks  in  all  can  be  seen  in  transverse 
section.  In  the  head,  the  six  lateral  nerves  break  up  into 
a  complicated  anastomosis,  in  which  may  be  recognised  two 
principal  ring  commissures,  and  twelve  main  cephalic  nerves. 

In  other  Cestodes,  such  as  various  species  of  Taenia, 
Acanthobothrium  coronatum,  etc.,  ten  longitudinal  nerve 
cords  have  been  described,  two  principal  trunks  and  eight 
smaller  accessory  ones.  In  the  group  of  the  Trematoda, 
on  the  other  hand,  only  six  lateral  nerves  have  been 
recognised,  of  which  the  two  ventral  are  the  thickest  and 
most  important.  Will  considers,  after  a  careful  examina¬ 
tion  of  the  histology  of  the  nervous  system,  that  the  four 
lateral  accessory  nerves  of  Caryophyllaeus  ought  to  be 
considered  part  of  the  principal  lateral  trunks,  and,  con¬ 
sequently,  that  the  nervous  system  of  Caryophyllaeus 
shows  greater  affinities  with  that  of  the  Trematodes  than 
with  that  of  the  Cestodes.  Caryophyllaeus  then  must 
remain  among  the  Cestoda,  but  in  the  simple  unsegmented 
form  of  its  body,  in  the  arrangement  of  the  sexual  organs, 
and  in  the  character  of  nervous  system  it  is  more  primitive 
than  the  other  tapeworms. 

Considerable  interest  has  been  aroused  recently  by  a 
•controversy7  which  has  been  going  on  for  some  time  past 
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between  two  distinguished  German  naturalists,  as  to  the 
systematic  position  of  the  Scyphomedusse.  No  one  who 
has  studied  this  group  at  all  carefully  can  doubt  for  a 
moment  the  justification  of  the  step  that  was  taken  by 
the  older  naturalists  in  separating  the  “  covered-eyed  ” 
medusae  from  the  “naked-eyed”.  In  many  anatomical 
characters,  such  as  the  absence  of  a  velum,  the  endodermic 
origin  of  the  gonads,  the  presence  of  gastral  filaments, 
and  the  structure  of  the  sensory  bodies,  the  covered¬ 
eyed  medusae,  or  Scyphomedusae  as  they  are  now  called, 
are  widely  separated  from  the  naked-eyed  medusae,  or 
Hydromedusae.  But  to  remove  them  from  the  Hydrozoa 
altogether,  as  Goette  wishes  us  to  do,  and  place  them  in 
the  class  Anthozoa,  is  a  step  which  cannot  be  taken  with¬ 
out  very  careful  consideration  of  the  facts  of  anatomy  and 
development. 

The  main  point  upon  which  the  whole  controversy  turns 
is  the  presence  or  absence  of  an  ectodermic  invagination  in 
the  developing  larva  which  forms  the  lining  epithelium  of 
the  manubrium  and  a  part  of  the  gastric  cavity.  Unfortu¬ 
nately,  upon  this  point  we  find  very  divergent  statements. 

Claus 1  has  recently  published  a  paper  in  which  he 
maintains  that  the  inner  lining  of  the  manubrium  of  the 
Scyphomedusae  is  not  formed  from  the  ectoderm  at  all 
but  from  the  endoderm.  He  carefully  reinvestigated  the 
development  of  the  two  genera  Chrysaora  and  Coty- 
lorhiza  at  the  zoological  station  at  Trieste,  and  found 
that  the  place  where  the  ectoderm  and  the  endoderm  join 
is  the  edge  of  the  mouth.  From  this  it  follows  that  the 
gonads,  the  gastral  filaments,  and  the  epithelium  of  all 
the  gastric  pouches  are  of  endodermic  origin,  and  there 
is  nothing  in  the  structure  of  the  Scyphomedusan  which 
corresponds  with  the  stomodaeum  of  the  Anthozoa.  The 
temporary  ectodermic  invagination  which  takes  place  at 
the  distal  pole  after  the  free  swimming  gastrula  embryo 
comes  to  rest  is  again  evaginated  to  form  the  proboscis 

1  Claus,  C.,  Ueber  die  Entwickelung  des  Scyphostoma  von  Coty- 
lorhiza  Aurelia,  und  Chrysaora,  Arb.  z.  Inst.  Wien.,  x. 
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or  manubrium.  The  results  obtained  by  Claus  are  in 
accordance  with  those  of  Playfair  McMurrich,1  who,  work¬ 
ing  quite  independently  of  the  German  professor,  dis¬ 
covered  no  trace  in  the  development  of  Cyanaea  arctica 
of  an  ectodermic  stomodaeal  invagination. 

Since  the  publication  of  the  results  obtained  by  Claus 
and  McMurrich,  Prof.  Goette  of  Strasburg  has  again 
entered  the  field,  and  in  the  description  he  gives  of  the 
development  of  Cotylorhiza  and  Pelagia  confirms  his 
previous  statements  as  to  the  existence  of  an  ectodermic 
stomodaeum  in  the  Scyphomedusae.2  Without  reference 
to  or  comment  upon  the  results  obtained  by  Claus  and 
McMurrich,  Prof.  Goette  describes  the  formation  of  an 
ectodermic  stomodaeum  and  an  oesophageal  perforation 
or  “  Schlundpforte  ”  connecting  the  stomodaeum  with  the 
coelenteron.  He  goes  further  than  this,  however,  and  de¬ 
clares  that  the  second  pair  of  gastral  pouches  and  all  its 
derivates  are  also  formed  by  the  ectoderm.  The  gonads 
and  gastral  filaments  of  the  adult  medusae  may,  however, 
occur  in  all  the  pouches  ;  consequently  some  of  them  must 
be  of  ectodermic  and  others  of  endodermic  origin,  a  con¬ 
clusion  which  would  entirely  upset  the  importance  of  the 
place  of  origin  of  the  sexual  cells  of  Coelenterates,  as  insisted 
upon  by  the  Hertwigs  and  others. 

It  is  not  likely  that  Goette’s  views  on  this  important 
point  will  meet  with  any  very  general  acceptance  until 
his  results  have  been  completely  confirmed  by  indepen¬ 
dent  observers.  It  is  an  extremely  difficult  matter  in 
studying  the  development  of  many  forms  of  Coelenterates 
to  determine  with  any  degree  of  certainty  where  the  ec¬ 
toderm  cells  end  and  the  endoderm  cells  begin.  I  here 
is  very  seldom  any  abrupt  limit  between  the  two  germinal 
layers  at  the  points  where  they  meet,  and,  as  Goette  him¬ 
self  admits,  in  the  Scyphomedusae  the  layers  are  connected 

1  McMurrich,  J.  P.,  The  Development  of  Cyanaea  arctica,  Am.  Nat., 
1891. 

2  Goette,  A.,  Vergleichende  Entwicklungsgeschichte  von  Pelagia  nocti- 
luca,  Z.  f.  wiss.  Zool.,  lv.,  p.  645. 
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with  one  another  by  a  number  of  cells  of  an  intermediate 
character.  Goette’s  figures,  too,  are  by  no  means  con¬ 
vincing  that  what  he  letters  ectoderm  is  not  really  endo- 
derm  or  vice  versa. 

The  controversy  is  an  interesting  one,  and  will  doubt¬ 
less  be  carefully  followed  by  those  who  are  studying  this 
group  of  Ccelenterates,  but  it  is  not  possible  to  say  at 
present  that  very  much  progress  has  been  made. 

Passing  on  to  the  group  of  the  Protozoa,  we  find  very 
few  papers  that  have  excited  very  general  interest.  The 
well-known  eye  spots  of  the  Flagellata  have  recently  been 
subjected  to  a  careful  examination  by  Franze.1  Each 
of  these  organs  consists  of  a  mass  of  pigment  of  various 
shapes,  and  one  or  more  transparent  lens-like  bodies, 
lying  in  or  on  it.  A  careful  study  of  the  chemical  re¬ 
actions  given  by  these  lenses  shows  that  in  some  cases, 
such  as  the  Euglenidse,  they  are  composed  of  paramylum  ; 
and  in  others,  such  as  the  Chlamydomonads  and  Volvo- 
cineae,  they  are  composed  of  amylum.  Their  development 
is  dependent  upon  the  metabolic  activity  of  the  organisms, 
and  the  author  found  that  after  Euglenae  had  been  kept 
in  the  dark  for  some  time,  the  size  and  number  of  their 
lenses  were  considerably  reduced.  This  he  attributes  to 
the  diminished  metabolic  activity  in  the  dark  of  the 
chlorophyll  bearing  Flagellates.  Fie  also  observed  that 
those  species  of  Euglena  which  naturally  possess  few  par¬ 
amylum  granules  show  either  no  lenses  or  very  few  in 
their  clear  red  eye  spots. 

As  a  great  deal  of  attention  has  been  paid  recently  to 
all  matters  dealing  with  the  minute  structure,  and  the 
phenomena  accompanying  the  division  of  the  nuclei  of 
cells,  Rhumbler  s 2  account  of  those  curious  bodies,  usually 
considered  to  be  nucleoli,  which  occur  in  the  nuclei  of  many 
Protozoa,  will  be  read  with  much  interest. 

1  Franze,  R.,  Zur  Morphologie  und  Physiologie  der  Stigmata  der 
Mastigophoren,  Z.  f.  wiss.  Zool. ,  lvi.,  part  ii. 

2  Rhumbler,  L.,  “Ueber  Entstehung  und  Bedeutung  der  in  der 
Kernen  vieler  Protozoen  und  in  Keimblaschen  von  Metazoen  vorkom- 
menden  Binnenkorper  (Nucleolen),”  Zeitschr.  f  wiss.  Zool. ,  lvi.,  part  ii. 
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In  a  great  many  Foraminifera,  he  finds  a  considerable 
number  of  small  irregular  bodies  lying  in  the  substance 
of  the  nucleus.  They  are  sometimes  spherical  in  shape, 
sometimes  angular  and  pointed,  frequently  collected  to¬ 
gether  in  grape-like  clumps.  Another  feature  common 
to  them  is  their  extreme  irregularity  in  number  ;  in  the 
arenaceous  Foraminiferan  Saccammina  sphaerica,  for  ex¬ 
ample,  they  vary  from  1-300  in  number.  Similar  structures 
have  been  described  by  Hertwig  in  Thalassicola,  by 
Stanley  Marshall  in  certain  Gregarines,  and  by  several 
observers  in  the  germinal  vesicles  of  ova. 

Rhumbler  considers  that  the  changes  in  their  shape, 
and  the  way  they  react  to  staining  fluids,  proves  that 
they  are  not  really  organised  structures,  but  are  due  to 
the  accumulation  in  the  substance  of  the  resting  nucleus 
of  organic  substances,  which  are  at  first  fluid,  then  become 
viscid,  and  eventually  solid.  Their  extreme  irregularity 
in  occurrence,  some  nuclei  being  apparently  quite  devoid 
of  them,  and  their  disappearance  before  karyokinetic 
changes  commence,  lend  very  strong  support  to  Rhum- 
bler’s  views.  There  can  be  little  doubt  that  they  are  not 
of  the  same  nature  as  the  well-known  chromatin  bodies,  or 
that  they  are  not  directly  converted  into  them,  but  whether 
they  are,  as  it  were,  stores  of  proteid  food  material,  by 
which  the  chromatin  bodies  are  nourished  during  their 
rapid  growth  at  the  commencement  of  Karyokinesis,  is  a 
question  which  it  is  at  present  very  difficult  to  decide. 

A  great  deal  of  good  work  has  recently  been  done  in 
the  group  of  parasitic  Protozoa — the  Sporozoa,  more  par¬ 
ticularly  in  their  relation  to  disease,  but  as  an  account  of 
these  researches  would  lead  us  beyond  the  limits  assigned 
to  this  article,  a  consideration  of  them  will  be  left  for  the 
next  number  of  this  journal. 


Sydney  J.  Hickson. 


ON  THE  STUDY  OF  ADAPTATION  IN 

PLANTS. 


THERE  are  two  characteristics  which  are  apparent  in 
plants  and  animals  :  firstly,  the  organisation  and 
division  of  labour  in  general  which  they  exhibit  ;  and, 
secondly,  their  adaptation  to  their  environment.  It  was 
natural  to  begin  by  studying  the  former  ■  problem  first, 
and  only  to  attempt  the  solution  of  the  second  later  on. 
But  during  the  last  few  decades  this  aspect  of  botany 
has  attracted  an  increasingly  large  share  of  attention,  and 
various  causes  have  contributed  to  this  result.  The  re¬ 
searches  of  former  times  had  enabled  us  to  arrive  at 
certain  definite  conclusions  on  the  subject  of  the  external 
and  internal  construction  of  plants,  so  that  the  simple 
enumeration  and  addition  of  new  facts  in  this  direction  no 
longer  attracts  so  wide  an  interest.  But  the  great  problem 
of  the  future — the  investigation  of  the  qualities  of  proto¬ 
plasm — seems  for  the  present  to  afford  but  little  prospect 
of  solution.  If  we  may  use  a  metaphor,  we  might  say  that 
Botanical  Science  is  like  a  mountaineer,  who,  after  long 
weary  climbing,  only  discovers  that  after  all  there  still  rises 
— steep  and  apparently  impossible  to  scale — the  real  peak  ; 
but,  notwithstanding  this,  on  casting  his  eyes  around,  he 
finds  himself  well  rewarded  for  the  toil  he  has  undergone. 
It  was  particularly  by  following  the  stimulating  example  of 
Darwin  in  his  researches  on  the  Pollination  of  Orchids  and 
other  plants,  his  works  on  climbing  and  on  insectivorous 
plants,  that  we  have  been  enabled  to  see  the  biological 
meaning  of  many  arrangements  which  had  either  been  little 
observed  or  entirely  misunderstood,  and  have  begun  to  grasp 
the  meaning  of  adaptation  in  the  struggle  for  existence. 

As  a  third  reason  for  the  revival  of  this  branch  of 
Botany,  I  should  recognise  the  fact  that  during  the  last 
few  years  we  have  begun  to  attain  to  a  more  accurate 
knowledge  of  tropical  plants.  This  was  rendered  possible 
by  the  erection  of  the  first  excellently-appointed  botanical 


ON  THE  STUDY  OF  ADAPTATION  IN  PLANTS.  177 


station  in  the  tropics  by  Dr.  Treub.  Our  European  flora 
is  but  a  small — we  may  even  say,  a  miserable — fraction  of 
the  whole.  But  it  is  just  that  fraction  in  Botany  which 
has  been  developed,  and  thus  it  happens  that  our  judgment 
on  the  organic  formation  of  plants  is  frequently  but  one¬ 
sided  and  European.  Two  examples  may  serve  to  illustrate 
this  :  among  our  native  ferns,  if  we  except  the  seedling 
stage  and  the  scale-leaves  of  the  Osmunda  and  Struthiop - 
teris ,  we  only  recognise  a  difference  in  the  development  of 
the  leaves  to  the  extent  that  the  form  of  the  sporophylle 
differs  from  that  of  the  foliage  leaves.  Among  the  tropical 
ferns  some  have  long  been  known  which,  in  one  and  the 
same  specimen,  produce  leaves  of  strikingly  diverse  ap¬ 
pearance  ;  amongst  these  are  a  few  species  of  the  genus 
Poly  podium  (section  Drymaria ),  and  the  remarkable  genus 
Platycerium.  Regarding  these  from  the  standpoint  of  our 
knowledge  of  native  ferns  it  was  stated  in  all  descriptions, 
and,  as  systematists  are  usually  very  conservative,  it  will 
probably  long  be  affirmed,  that  there  exists  here  only  a 
difference  between  sterile  and  fertile  leaves.  My  observa¬ 
tions  made  in  Ceylon  and  Java1  have  shown,  however,  that 
such  is  not  the  case.  Sterile  and  fertile  leaves  are,  on  the 
contrary,  formed  quite  alike  in  the  above-mentioned  ferns. 
But  amongst  the  sterile  ones  the  effects  of  division  of  labour 
become  apparent.  Most  of  them  are  suited,  in  a  manner  of 
which  we  have  no  example  among  our  native  ferns,  for 
the  performance  of  functions  which  are  connected  with  the 
epiphytic  mode  of  life  of  those  ferns  just  mentioned.  I  hus 
P olypodium  quercifolium ,  P olypodium  dwersif olium ,  and 
others,  have  leaves  which  form  ledges  or  pockets  upon  the 
stem  of  the  tree  on  which  they  grow  and  in  the  pockets  ; 
humus  formed  from  fallen  leaves,  pieces  of  branches,  etc., 
collects  and  is  absorbed  by  the  roots  of  the  lern,  thus 
enabling  it  to  attain  to  its  great  size. 

Some  species  of  Platycerium  possess  gigantic  pocket¬ 
forming  leaves,  others — such  as  the  frequently  cultivated 
PI  alcicorne — form  humus  by  the  rapid  decay  of  their 


1  Cf  Goebel,  Pflanzenbiologisrhe  Schild.,  1889-1893. 
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leaves,  which  fold  over  each  other  like  the  leaves  of  a 
book.  A  further  example  is  also  seen  in  the  Utricularias. 
The  only  forms  which  occur  in  Europe  are  aquatic  plants, 
and  which  have  long-  attracted  notice  on  account  of  their 
bladders  which  serve  as  traps  for  small  animals.  But  the 
biology  of  the  whole  plant,  and  the  meaning  of  its  separate 
parts,  was  not  evident  till  it  became  possible  to  examine 
the  mode  of  life  of  their  numerous  congeners.1  Many  of 
these  are  terrestrial  species,  and  it  appeared — incredible  as 
it  may  perhaps  seem  to  many — that  the  Utricularia  plant 
— as  represented  in  the  European  forms — corresponds  to 
one  leaf.  But  if  any  one  doubts  that  such  a  far-reaching 
change  in  the  development  of  a  leaf,  an  adaptation  of 
functions  so  widely  divergent  from  the  general  rule,  can 
possibly  occur,  the  explanation  of  his  position  is  to  be  sought 
in  the  relatively  commonplace  character  of  our  native  flora. 
If,  on  the  contrary,  we  look  at  the  tropical  plants,  we  find 
among  them  some  whose  leaves  penetrate  into  the  ground, 
and  function  as  roots,  serving  as  organs  to  keep  the  plant 
firmly  attached  to  the  substratum  and  to  absorb  nourish¬ 
ment  from  it,2  and  on  the  other  hand  there  are  others  whose 
roots  resemble  leaves  and  actually  subserve  their  functions 
(. Dicrcea ,  Tceniophyllum,  etc.). 

The  researches  on  adaptations  have  taken  two  direc¬ 
tions.  In  the  first  place,  it  was  necessary  to  settle  which 
structural  conditions  were  to  be  regarded  as  adaptations, 
and,  in  the  next  place,  the  question  arose  :  How  do  adap¬ 
tations  primarily  occur?  In  other  words,  there  was  an 
effort  made  to  formulate  a  theory  of  adaptation.  Let  us 
first  look  more  minutely  into  the  facts,  and  select  some  of 
the  more  important  advances,  which,  however,  can  only 
be  somewhat  briefly  discussed.  All  adaptations  are  either 
social ,  i.e.,  they  refer  to  the  condition  of  other  organisms, 
or  else  physical ,  and  are  connected  with  the  conditions  of 
life  under  which  nourishment,  growth  and  metabolism  take 

1  Cf.  Utricularia  in  An.  du  jard.  bo  tan.,  d.  Buiienzorg ,  vol.  ix.,  and 
Pflanzenbiol.  Schild.,  ii. 

2  Cf.  Zur  Biologie,  v.  Ge?ilisea ,  Flora ,  1893,  p.  208. 
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place.  Besides  these,  however,  there  are  further  adapta¬ 
tions  to  be  taken  into  consideration  which  concern  the 
characters  of  the  organs  and  tissues,  as  well  as  those  which 
result  in  the  exhibition  of  irritability,  or  in  responsive  action 
to  a  stimulus. 

In  both  cases  a  study  of  adaptations  has  often  led  to 
erroneous  conclusions.  For  in  order  to  understand  them 
aright  we  must  possess  precise  and  accurate  knowledge  on 
two  distinct  subjects.  First,  the  conditions  of  life  of  the 
plant ;  this  alone,  however,  will  not  suffice,  there  must  be 
at  our  disposal,  secondly,  the  results  of  investigations  on  the 
comparative  morphology  of  kindred  plants,  a  side  of  the 
question  to  which  I  shall  revert  below. 

Among  the  social  adaptations  the  ant-plants  have 

attracted  special  attention.1  Thomas  Belt  deserves  the 

merit  of  having  first  recognised  that  ants  piny  an 

important  part  in  the  lives  of  some  South  American 

plants,  which  are  constantly  inhabited  by  those  insects.  I 

refer  to  certain  species  of  Cecropia ,  characterised  by  their 

hollow  and  remarkablv  constructed  internodes,  in  which 

✓ 

the  ants  live,  attracted  and  retained  there  by  the  food- 
bodies  which  are  situated  at  the  basis  of  the  leaves  ;  there 
are  also  some  Acacia  whose  hollow  thorns  are  inhabited 
by  ants,  and  food  is  provided  for  them  at  the  expense  of 
the  plant.  Belt’s  statement  that  the  ants  sheltered  by  these 
plants  serve  the  latter  as  a  protecting  army  against  the 
devastations  of  the  leaf-cutting  ants  has  been  fully  con¬ 
firmed.  And  the  number  of  plants  which  either  harboured 
ants,  or  attracted  them  by  extra  floral  nectarias,  has  been 


1  Belt,  The  Naturalist  in  Nicaragua,  2nd  edition,  London,  1886.  Among 
other  works  on  ant-plants  I  should  quote  :  Beccari,  Piante  ospitatrici  della 
Malesia  e  della  Papuasia  in  Malesia,  ii.,  1886.  Delpino,  Funzione  myrme- 
cofila  nel  regno  vegetale,  iii.  theile,  Bologna,  1886-1889.  Treub,  Sur  le 
Myrmecodia  de  Java,  Annates  du  jar  din.  hot.  d.  Buitenzorg,  vol.  vii. 
Bower,  On  Humboldtia  laurifolia  as  a  myrmecophelous  plant,  Proc.  Phil . 
Soc.  Glasgow ,  xviii.  Schumann,  Einige  neue  Ameisen  pflanzen,  Pnngsheims 
Jahrb.,  xix.  Schumann,  Ueber  africanische  Ameisen  pflanzen,  Per.  der 
deutschen  botan.  Gesellschaft ,  1891,  heft  ii.  Wettstein,  in  Sitz.  Ber.  der 
Wiener  Akad.  math.-naturw .  Classe,  xcvii.  bd.,  p.  568. 
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vastly  increased.1  And  it  has  been  frequently  assumed  that 
in  all  these  cases  there  is  a  social  or  symbiotic  relation 
existing-  between  the  plants  and  the  ants.  Particularly  is 
this  the  case  with  those  remarkable  epiphytic  Rubiacese, 
Myrmecodia  and  Hydnophytum ,  described  by  Rumphius, 
and  which  always  harbour  large  numbers  of  ants  in  the 
numerous  cavities  of  their  tubers.  Beccari  recognised  in 
this  a  marked  case  of  symbiosis,  stating  that  the  tubers  only 
arose  in  consequence  of  the  effect  which  the  ants  exercise 
on  the  young  plant !  But  no  one  hitherto  has  been  able 
to  trace  the  enemies  against  which  the  Myrmecodias  are 
protected  by  their  guests,  and  there  are  no  leaf-cutting 
ants  in  the  districts  where  Myrmecodias  grow.  The  ex¬ 
amination  of  a  fern  inhabited  by  ants,  such  as  the  Poly- 
podium  sinuosum ,  shows 2  that  the  hollows,  which  the 
ants  inhabited,  originated  from  the  disappearance  of  a 
watery  tissue,  in  which  water  is  stored  up  for  reserve. 
Such  a  reservoir  of  water  must  be  especially  necessary 
for  epiphytic  plants,  as  it  is  more  difficult  for  them  to  con¬ 
stantly  obtain  it  than  is  the  case  with  terrestrial  forms. 

I  have  put  forward  the  same  theory  with  regard  to  Myr¬ 
mecodias,  and  in  this  the  distinguished  botanist  Dr. 
Treub3  agrees  with  me.  He  also  showed  that  the  ants 
did  not  exercise  any  influence  on  the  forming  of  tubers. 
The  occurrence  of  ants  in  these  plants  seems  to  be  in  this 
case  only  incidental  ; 4  and  if  we  suggest  that  they  were 
perhaps  useful  in  former  times,  it  may  be  said,  on  the 
contrary,  that  we  may  only  legitimately  take  refuge  in 
such  a  hypothesis  when  we  can  find  no  other  explana¬ 
tion.  The  suggestion  of  a  botanist  to  settle  a  protecting 
army  of  ants  on  our  fruit-trees,  by  means  of  sw  eet-tasting 
matter,  in  order  to  destroy  caterpillars,  shows  clearly  how 

1  Such  cases  are  seen  in  several  ferns,  not  only  in  Ptens  aquilina  but 
also  in  some  species  of  Polypodium ,  lurther  in  Platycenum. 

2  Annales  du  jar  din.  botanique  de  B  uitenzorg,  vol.  vii.,  p.  18. 

3  Nouvelles  recherches  sur  la  Afyrmecodia  de  Java,  ibid.,  p.  191. 

4  As  also  the  occurrence  of  rotifers  in  the  auricles  of  some  Liver¬ 
worts  {cf.  Ueber  die  Blattbildung  der  Lebermoose,  Flora ,  1893). 
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frequently  cautious  and  critical  treatment  in  these  questions 
may  fail. 

In  physical  adaptations  the  conditions  of  life  in  plants 
have  not  been  sufficiently  taken  into  consideration.  It  has 
been  concluded,  for  instance,  that,  because  the  leaves  of  a 
plant  show  certain  structural  arrangements  which  involve 
the  reducing  of  transpiration,  they  must  on  that  account 
grow  in  dry  situations.  In  many  cases  this  is  true,  but  in 
others  not.  For  we  meet  with  exactly  the  same  structural 
peculiarities  in  plants  which  are  found  in  wet  and  swampy 
regions  ;  the  absorption  of  the  water  is  rendered  difficult, 
either  on  account  of  the  saline  properties  of  the  liquid,  or 
the  low  temperature  of  the  soil.1  We  have  some  very 
striking  instances  of  the  last  fact  among  our  native  marsh- 
plants  ;  the  habitus  of  a  J uncus,  for  example,  is  distinctly 
Xerophilous.  Among  the  so-called  irritable  plants  the 
Mimosa  is  one  of  the  most  striking.  It  has  been  conjec¬ 
tured  that  its  movements  form  a  protection  against  the 
injuries  caused  by  hail.  But  in  the  regions  where  Mimosa 
grows,  it  either  does  not  hail  at  all,  or  only  quite  exception¬ 
ally.  The  tendency  to  sleep  on  the  part  of  the  leaves  has 
been  pointed  out  as  a  protection  against  the  radiation  of 
heat.  But  very  many  tropical  plants  exhibit  this  tendency 
to  sleep,  and  in  those  parts  of  the  world  there  can  scarcely 
be  a  question  of  the  need  of  protection  in  this  respect. 

Insectivorae  have  recently  occupied  a  considerable  share 
of  attention/2  not  only  from  a  morphological  but  also  from 
a  physiological  point  of  view.  As  regards  the  latter  I  will 
only  mention  the  fact  that  Sarrace?iia  and  Cephalotus  do 
not  possess  a  digesting  ferment  or  enzyme,  but  the  Cepha¬ 
lotus  secretes  into  its  pitcher  a  substance  which  works 
antiseptically.  It  was  also  recently  maintained — in  contra¬ 
diction  to  the  statements  of  Hooker,  Darwin,  Rees,  Vines 
and  others — that  in  the  case  of  Drosera,  Nepenthes  and 
Pinguicula  no  actual  digestion  obtains,  but  that  the  solution 

For  striking  instances  of  this,  cf.  Pflanzenbiol.  Schilderungen,  ii., 

P-  3* 

2  Pflanzenbiol.  Schilderungen,  ii.  theil. 
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of  the  animal  body  took  place  by  means  of  bacteria.  These 
statements,  which  have  been  made  by  Tischutkin,  Dubois 
and  others,  are  based,  however,  on  an  insufficient  knowledge 
of  the  conditions  of  life  of  those  plants,  as  has  been  shown 
in  another  place.  On  the  other  hand,  it  has  lately  been 
proved  that  there  is  a  systematic  relationship  existing  in 
the  case  of  some  chlorophyll  Thallophytes,  which  are 
destitute  of  chlorophyll.  Kamienski  first  drew  attention 
to  the  fact  that  the  roots  of  a  plant  which  lives  as  a 
saprophyte,  Monotropci  hypopitys ,  are  so  closely  invested 
by  fungal  hyphse  that  the  nutriment  is  only  absorbed  by 
means  of  this  sheath.  Since  then  there  have  been  found 
fungi  either  on  or  in  the  roots  of  all  saprophytes,  as  also  in  a 
number  of  plants  (Cupuliferae,  etc.),  which  were  hitherto  not 
regarded  as  such.1 

The  part  which  the  fungus  plays,  particularly  in  the 
last-mentioned  cases,  is,  in  spite  of  all  contrary  assertions, 
still  doubtful,  and  we  cannot  yet  affirm  that  the  root-tubercles 
of  the  Leguminosas  and  their  bacteroids,  which  have  been 
so  carefully  studied  within  recent  years,  have  been  quite 
satisfactorily  explained.  It  seems  clear  that  the  formation 
of  the  little  tubercles  occurs  as  a  consequence  of  the 
influence  exercised  by  some  bacterium,  and  that  the 
organisms  subsequently  assume  the  Involution  lorm  known 
as  “  bacteroids,”  which  are  bodies  rich  in  nitrogen,  and 
capable  of  being  digested  by  the  plant. 

A  treatise  by  Stahl 2  awakened  particular  interest  in 
the  means  of  protection  of  plants  against  the  lower 
animals,  especially  snails,  which  play  an  important  part 
in  our  own  country  as  enemies  of  vegetation.  Many  plants 
are  protected  from  them,  partly  chemically  and  partly 
mechanically,  i.e.,  by  the  constituent  parts  of  their  tissue, 
which  render  them  unpalatable  to  snails  (tannin,  acids, 
bitter  substances,  ethereal  oils  and  oily  bodies  as  in  the 
liver-wort,  or  by  bristly  hairs,  calcareous  or  silica  cell- 

1  Cj '.  the  detailed  account  in  Frank,  Lehrbuch  der  Botanik. 

2  E.  Stahl,  cf.  Pflanzen  u.  Schnecken,  eine  biologische  Untersuchung 
iiber  die  Schutzmittel  der  Pflanzen  gegen  Schneckenfrass,  Jena,  1888. 
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walls,  mucilage,  etc.,  raphides  and  other  crystals  of 
calcium  oxalate). 

The  physical  adaptations  appear  in  the  mechanical 
construction  of  the  tissues  in  the  form  of  the  plant  organs 
(leaves,  roots,  etc.),  and  in  active  response  to  stimulus. 
As  regards  the  adaptation  of  the  tissues,  the  progress 
made  in  this  sphere  has  not  been  very  extensive  since 
Haberlandt  brought  together,  in  his  Physiologische  Pflan - 
zenanatomie,  the  results  which  had  been  arrived  at  up  to 
that  date.  It  may,  however,  be  worth  while  to  refer  to 
the  researches  on  the  importance  of  intercellular  spaces 
in  marsh  and  aquatic  plants.  They  have  been  regarded 
until  recently  as  air-reservoirs,  which  provide  the  plants 
with  an  internal  atmosphere.  But,  at  the  same  time,  it 
remained  quite  incomprehensible  why  the  parts  of  marsh 
plants  which  did  not  come  in  contact  with  the  water  or 
the  damp  soil  should  contain  large  intercellular  spaces.  I 
have  endeavoured  (in  the  work  to  which  I  have  frequently 
alluded)  to  point  out  that  it  is  here  principally  a  question 
of  providing  the  submerged  parts  with  oxygen,  of  which 
there  is  a  proportionately  smaller  quantity  in  water  than 
in  air.  Oxygen  is  separated  during  the  assimilation  on 
the  part  of  the  green  portions,  it  reaches  the  intercellular 
spaces,  and  can  so  easily  be  distributed,  as  the  intercellu¬ 
lar  spaces  represent  either  a  connected  system,  or  else 
the  diaphragms  which  separate  them  are  easily  pene¬ 
trated  by  gases.  If  the  tissue  containing  the  numerous 
intercellular  spaces  owes  its  origin  to  the  action  of  a 
cork-cambium,  we  have  the  Aerenchyma ,  which  clothes 
the  submerged  parts  of  certain  plants  in  a  thick,  white 
covering ;  and  the  light,  air-containing  wood  of  some 
plants  fulfils  exactly  the  same  function,  and  it  was  for- 
fnerly  believed  to  serve  as  “  swimming-wood  ”.  These 
adaptive  modifications  are  entirely  wanting  among  the 
greater  part  of  our  native  plants. 

I  should  exceed  the  space  allotted  to  me  if  I  were  to 
attempt  to  even  mention  the  most  important  results  of 
the  researches  on  the  physical  adaptation  of  the  extei'nal 
■organs  of  plants.  So  many  valuable  contributions  have, 
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in  this  field  especially,  been  added  to  our  store  of  know¬ 
ledge  that  the  enumeration  of  a  few  cases  must  suffice, 
eg.,  Epiphytes,1  succulents,2  mangrove-vegetation,3  aquatic 
plants,4  climbing  plants,5  etc. 

I  will  now  briefly  review  the  various  theories  of  adap¬ 
tation  which  have  been  put  forward.  This  can  only  be 
done  briefly,  as  a  more  detailed  account  would  take  up  a 
whole  book. 

The  best  known  and  most  familiar  theory  of  adapta¬ 
tion  is  that  of  Darwin.  In  the  main  his  theory  is  one  of 

‘‘the  survival  of  the  fittest”.  He  attaches  a  certain, 

though  somewhat  slight,  importance  to  the  conditions  of 
life,  and  to  the  effects  of  the  use  or  disuse  of  organs. 
Hence  it  is  clear,  however,  that,  regarded  from  this  point 
of  view,  the  question  is  not  so  much  one  of  how  plants 
become  adapted,  as  the  selection  of  those  which  have  be¬ 
come  adapted.  For  adaptation  clearly  means  that  the 
organs  possess  the  faculty  of  changing  their  structure  and 
form  by  the  influence  of  external  conditions.  That, 

within  certain  limits,  this  power  is  inherent  in  plants, 

nobody  doubts,  but  the  question  is,  whether  organic  con¬ 
ditions  which  have  become  hereditary  can  originate  in 
this  way.  Nageli’s6  theory  of  adaptation  distinguishes 
between  two  kinds  of  changes  which  take  place  under 
external  influences  :  temporary  changes,  which  only  last 
as  long  as  their  cause,  and  lasting  changes,  which  con- 

1  Schimper,  die  epiphytische  Vegetation  Americas  [Bot.  MittheiL 
aus  den  Tropen ),  Goebel,  Pflanzenbiol,  Schilderungen. 

2  Goebel,  ibid. 

3  Goebel  ibid.,  Schimper,  /.  c. ;  Karsten,  Die  mangrove  vegetation 
(. Bibliotheca  botanica ). 

4  Goebel,  Schilderungen,  ii. ;  Schenk,  Die  Biologie  der  Wasserge- 
wachse,  Bonn,  1887. 

5  Treub,  Sur  une  nouvelle  categorie  de  plantes  grimpantes,  and 
Observations  sur  les  plantes  grimpantes  du  jardin  botanique  de  Buiten- 
zorg,  Annates  du  j.  b.  de  Buitenzorg ;  vol.  iii.  Schenk,  Lianen,  in  Botan. 
Mittheil.  a.  d.  Tropen ,  iii.,  iv. 

6  Nageli,  Mechanische  Physiologische  Theorie  der  Abstammungs- 
lehre,  1884. 
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tinue  after  the  cause  has  ceased  to  operate.  Thus 
changes  of  climate  or  nutrition  are  followed  by  immediate 
visible  results,  but  the  results  are  but  temporary,  and  dis¬ 
appear  when  their  causes  are  removed.  He  quotes  the 
alpine  Hieracia  as  an  example,  which  in  the  plains  im¬ 
mediately  begin  to  produce  numerous  leaves  and  blos¬ 
soms  and  assume  a  luxuriant  habit,  very  different  from 
the  original  stunted  plant,  with  its  miserable  and  starved- 
looking  organs. 

In  my  opinion  the  external  conditions,  which  produce 
temporary  changes,  act  in  a  twofold  way :  they  can 
prevent  the  appearance  (or  occurrence)  of  certain  organs, 
or  they  can  influence  the  growth  of  those  organs  which 
are  originating  in  the  special  meristem.  The  first-named 
effect  becomes  possible  when  the  development  of  a  plant 
is  not  already  definitely  predestined  from  its  first  origin, 
but  is  determined  during  the  course  of  development. 
The  constitution  of  the  individual  Protoplasm  certainly 
gives  direction  to  the  course  of  development,  but  the  actual 
course  followed  depends  on  certain  external  factors.  A 
few  examples  will  serve  to  explain  this.  Every  one  is 
familiar  with  the  fact  that  our  Sagittarias  (and  also  a 
few  other  monocotyledons,  aquatic  and  marsh  plants) 
produce  two  kinds  of  leaves,  viz .,  ribbon-shaped,  sub¬ 
merged  leaves  and  sagittate  ones,  which  rise  above  the 
water-surface ;  the  first-named  forms  occur  during  early 
development  when  the  plant  grows  in  its  usual  state  in 
shallow  water  ;  they  represent,  however,  the  only  kind  of 
leaf  which  is  formed  when  the  plants  grow  in  deep  or 
rapidly-flowing  water.  What  could  be  more  simple  than 
to  assume  that  the  one  leaf-formation  is  an  adaptation 
to  an  aquatic  habit,  the  other  to  an  aerial  one  ?  And 
yet  this  assumption  would  not  be  correct.  For  my  own 
researches  have  proved  that  the  ribbon-shaped  leaves 
represent  the  original  ones  which  are  so  widely  diffused 
among  the  Monocotyledons  and  that  the  sagittate  ones  are 
clearly  only  a  further  development  of  the  same.  The 
ribbon-shaped  leaves  occur  also  when  the  plant  exists  in 
the  air  from  the  beginning  of  its  life  ;  they  have  first  to 
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manufacture  the  substances  which  are  requisite  for  the 
development  of  the  sagittate  leaves.  That  the  latter  do 
not  occur  in  deep  or  rapid  water  is  not  due  to  the  water, 
but  to  the  diminution  of  light.  I  succeeded  in  rearing 
Sagittaria  plants  with  leaves  sixty  cm.  long  and  of  ribbon 
shape,  and  deep  green  colour,  and  to  limit  the  plant  to  that 
construction  of  leaf  mainly  by  exposing  it  to  less  light.  As 
the  Sagittaria  is  increased  by  means  of  tubers,  one  could 
continue  to  rear  them,  doubtless,  for  generations  in  this 
form,  which  differs  so  widelv  from  the  normal.  In  the  same 
manner  moss-protonema,  as  such,  can  be  cultivated  for  years; 
moss  plants  only  begin  to  appear  on  them  when  they  are 
exposed  to  light  of  a  certain  sufficient  intensity. 

Among  the  Opuntias  there  are  some  species  which 
possess  cylindrical  shoots,  others  again  in  which  they  are 
quite  flattened  ;  the  former  are  clearly  the  more  primitive, 
and  if  the  more  flattened  stemmed  Opuntias  are  exposed 
to  less  intense  light,  they  become  cylindrical.  In  every 
case  the  apex  is  cylindrical,  but  in  many  kinds  it  soon 
gives  rise  to  a  flattened  axis  under  the  influence  of  light  ; 
but  if  the  transforming  agency  is  removed,  the  original 
nature  of  the  shoot  becomes  manifest.  Similar  results 
were  obtained  with  Muhlenbeckia  platyclada  and  some 
other  plants.  Other  agencies  can  exert  an  influence  analo¬ 
gous  to  that  effected  by  light.  One  of  our  most  common 
liver- worts,  Frullania ,  has  helmet-shaped  pendants  to  its 
leaves,  the  “  auriculae,”  and  they  are  organs  which  are  able 
to  retain  water  by  capillary  attraction.  If  the  plant  is  cul¬ 
tivated  under  damp  conditions,  the  auricle  portion  of  the 
leaves  develops  as  ordinary  leaf-lobes  ;  a  similar  function  is 
performed  by  the  perforated,  empty  cells  in  the  leaves  of 
the  Sphagnum.  Some  Sphagnum  species,  however,  only 
possess  ordinary  chlorophy-containing  cells  like  other  mosses 
when  they  grow  in  a  submerged  condition.  On  the  leaves 
of  Polytrichum  there  are  on  the  mid-rib  closely-packed 
lamellae  consisting  of  chlorophyll  containing  cells  which  re¬ 
tain  water  in  between  them.  It  is  possible  to  effect  the 
suppression  of  those  lamellae  also  when  the  plant  is  culti¬ 
vated  in  damp  conditions. 


ON  THE  STUDY  OF  ADAPTATION  IN  PLANTS.  187 


As  regards  the  second  kind  of  influence — that  of  growth 
— it  will  be  well  to  remember  in  the  first  place  the  division 
of  the  different  phases  of  growth,  which  Sachs 1  has  made. 
He  distinguishes  two  periods  in  the  development  of  the 
organs  : — 

I.  Morphological  period — 

(1)  Origin  of  the  organs  according  to  number  and 

position. 

(2)  Embryonic  growth  of  the  organs,  morpho¬ 

logical  configuration,  position  in  the  bud. 

II.  Physiological-biological  period — 

(3)  Extension  of  the  organs  up  to  reaching  their 

definitive  size. 

(4)  Internal  development  of  the  tissue,  and  the 

maturation  of  the  plant  organs. 

The  influence  of  external  factors  concerns  only  the 
physiological-biological  periods,  but  its  influence  may,  never¬ 
theless,  be  a  very  striking  one.  And  here  it  will  be  well  to 
quote  a  few  examples. 

The  characteristic  habits  of  many  Alpine  plants  are 
generally  known  ;  the  low  growth  of  the  shoot-axis,  and 
the  relatively  energetic  development  of  the  subterranean 
parts.  Gaston  Bonnier2  investigated  the  effect  of  an  ele¬ 
vated  Alpine  position  (more  than  2000  metres)  on  a  number 
of  plants  inhabiting  the  lowlands.  Out  of  203  of  the  plants 
examined,  123  remained  living  in  the  high  regions,  and 
they  exhibited  the  following  changes  :  the  whole  plant  was 
smaller,  and  its  stems  grew  nearer  the  ground  ;  some  had 
undergone  such  striking  changes  that  they  could  only  with 
difficulty  be  recognised,  such  as  the  Helmut hus  Dtberosus , 
which  had  developed  on  the  ground  a  rosette  densely 
clothed  with  hairs,  instead  of  the  ordinary  elongated  shoot. 
The  leaves  remained  smaller  and  thicker  in  proportion  to 
the  surface,  and  they  were  of  a  deeper  green  than  those 
from  lowland-grown  specimens,  and  some  even  acquired 
a  brownish-red  colouration.  The  subterranean  parts 

1  Flora ,  1893,  p.  377- 
-  Revue  de  botanique ,  li.  513. 
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became  more  strongly  developed  in  proportion  to  those 
parts  above  ground,  and  some  species,  which  are  annuals 
in  the  plains,  became  perennials  at  the  higher  elevations. 
These  “  transitory  changes  ”  answer,  in  general,  to  the 
characteristic,  hereditary  peculiarities  of  Alpine  plants. 
Analogous  instances  might  be  quoted,  particularly  in  the 
cases  of  aquatic  plants,  and  in  still  greater  numbers.  But 
I  would  prefer  to  point  out  a  few  cases  of  the  reaction  ol 
tissues  to  the  requirements  of  their  surroundings. 

It  is  known  that  transpiration  conditions  affect  the  thick¬ 
ness  of  the  outer  walls  of  the  epidermal  cells,  together  with 
the  cuticle,  and  even  the  development  of  the  palisade  paren¬ 
chyma  is  influenced  by  similar  conditions,  and  of  the  truth 
of  this  Stahl's  Licht-und  Schatten- Blatter  are  an  example. 

As  a  further  fact  of  interest  it  may  be  mentioned  that 
the  dimensions  of  the  intercellular  spaces  increase  in  damp 
air  or  in  water.  Hegler  has  recently  described  a  particu¬ 
larly  striking  instance  of  the  effect  of  the  environment  on 
tissue-development.  If  one  exposes  the  growing  parts  of  a 
plant  to  a  mechanical  strain,  the  existing  mechanical  elements 
increase  in  thickness  and  number,  and  even  tissues,  which 
were  lacking  hitherto ,  may  be  formed.  The  hypocotyl  of 
the  seedlings  of  Helianthus  animus,  which  broke  under  a 
weight  of  160  grams,  was  able  to  bear  250  grams  after  two 
days,  and  in  a  few  days  400  grams.  In  the  leaf-stalks  of 
the  Helleborus  niger  there  are  normally  no  bast-fibres,  but 
on  introducing  a  mechanical  stretching  or  pulling  strain  they 
appear  and  form  effective  strands  round  the  phloem.  The 
faculty  of  forming  these  tissues  was,  therefore,  latent  in  those 
leaf-stalks,  but  it  was  only  rendered  evident  in  consequence 
of  the  influence  exercised  by  the  mechanical  strain.  And 
this  leads  to  the  discussion  of  the  influences  which,  according 
to  Nageli,  produce  lasting  and  hereditary  changes.  I  his  is 
said  to  take  place  by  means  of  forces  which  exert  their 
influence  for  very  long  periods,  and  for  a  long  series  of 
generations,  and  in  this  way  actually  alter  the  construction 
of  the  idioplasm.  The  extent  of  the  direct  influence  cannot 
be  proved,  but  can  only  be  deduced  from  general  considera¬ 
tions.  According  to  Nageli  evaporation  acted  as  a  stimulus, 
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which  caused  the  production  of  cork  ;  as  the  result  of  the 
effects  of  stresses  and  strains  the  mechanical  cells  were 
developed,  the  corolla  is  supposed  to  have  been  evolved 
from  the  stamens,  as  the  direct  result  of  the  stimulus  due  to 
the  continual  irritation  and  damage  caused  by  insects  in  their 
search  after  pollen  or  honey.  Disregarding  this  last  hypo¬ 
thesis,  which  can  only  be  designated  as  a  fantastic  picture, 
we  may  inquire  whether  the  marked  distinction  which  Nageli 
drew  between  transitory  and  permanent  influences  can  really 
be  proved  to  exist.  The  difference  might  lie  in  the  different 
possibilities  of  response  evinced  by  different  plants,  just  as 
a  soft  rod  of  iron  which  is  magnetised  soon  after  loses  the 
magnetism,  whereas  a  steel  rod  retains  it.1  Doubtless  the 
theory  of  direct  influence,  which  in  a  certain  sense  goes 
back  to  Lamarck,  has  much  that  is  very  attractive.  It 
would  also  explain  far  more  easily  why  organs,  which 
have  become  useless,  so  frequently  become  reduced,  and 
I  should  wish — in  opposing  Nageli’s  views — to  point  espe¬ 
cially  to  the  study  of  the  transitory  influences,  from  which 
we  should  derive  further  valuable  hints. 

We  must  not,  however,  forget  that  such  adaptations 
are  only  relative  and  conditioned  by  the  organisation  of 
the  plants  in  question.  In  the  Darwinian  theory  of 
adaptation,  organisation  and  adaptation  are  coincident,  as 
the  former  arises  from  the  gradual  accumulation  of  useful 
alterations.  But  even  on  this  explanation  a  series  ol 
organic  conditions  remains  incomprehensible,  especially  the 
division  of  labour  which  has  really  nothing  to  do  with 
adaptation.  In  a  genus  of  Hepaticae,  Symphyogyna ,  there 
are  species,  the  vegetation  body  of  which  forms  a  I  hallus, 
and  others  in  which  it  is  present  as  a  lealy  shoot. 

It  is  inconceivable  why  the  leaf-Iormation  should  be  more 
useful  than  the  Thallus-formation.  And  the  same  is  true 
in  the  case  of  Fucus  and  Sargassum.  According  to  the 

1  The  aerial  roots  of  some  orchids  become  flattened  and  change 
their  structure  on  the  side  exposed  to  the  light,  and  this  does  not  occur 
on  the  shady  side.  This  dorsiventrality  in  some  formations  ( Sarcanthus , 
Phalxnopsis )  is  directly  due  to  the  operation  of  light.  In  others 
( Airanthus  funalis )  it  is  hereditary,  and  independent  of  light. 
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opinion  of  Nageli,  Sachs  and  myself,  the  selection  cannot 
play  the  part  ascribed  to  it  by  Darwin.  Without  it,  accord¬ 
ing  to  Darwin’s  theory,  a  perfecting  of  the  organisation 
could  not  take  place  ;  it  is,  so  to  speak,  an  active  force.  But 
in  our  opinion  it  only  removes  those  organisms  which  are 
least  fitted  for  existence,  and  if  it  ceased  to  operate  there 
would  still  remain'  the  same  variety  of  forms  which  we  now 
see,  only  vastly  increased  by  those  developments  which  had 
perished  in  the  struggle  for  existence.  I  have  endeavoured 
to  show  in  my  Pflanzenbiologische  Schilderungen  that  we 
know  of  a  similar  case  in  a  certain  group  of  plants.  The 
Podostemons  are  aquatics,  which  exist  under  peculiar  con¬ 
ditions.  For  they  only  occur  in  rapidly-flowing  waters, 
especially  rapids  and  waterfalls.  Their  peculiar  habitat  has 
stamped  on  them  characteristic  marks  of  adaptation,  but,  in 
spite  of  this,  they  possess  an  astonishing  variety  of  struc¬ 
ture.  This  fact  is  explicable  on  the  ground  that  “  selection 
scarcely  affects  them — at  any  rate,  much  less  than  is  the 
case  with  land-plants  ;  with  them  transpiration,  conditions 
of  gravity,  animal  enemies,  and  the  competition  with  other 
plants,  are  all  realities  which  have  to  be  reckoned  with. 
It  is  very  much  the  same  with  sea-weeds  ;  it  would  scarcely 
be  possible  to  refer  the  variety  of  their  forms  to  selection 
as  an  adequate  explanation  of  their  existence.  We  may 
almost  say,  moreover,  arrangements  of  such — unnecessary 
— complication  as  are  connected  with  the  fertilisation  of 
orchids  cannot  be  explained  on  the  ground  of  selection 
alone,  the  modest  blossoms  of  our  common  weeds  are 
better  “adapted,”  and  no  doubt  the  dusting  with  pollen 
is  carried  on  more  surely  than  is  the  case  with  the  mar¬ 
vellously  complex  flowers  of  orchids. 

But  all  these  questions  can  hardly  be  more  than  touched 
on  here.  The  endless  field  of  the  science  of  adaptation  has 
yet  to  be  cultivated.  May  the  English  botanists  take  a  large 
share  in  this  !  F'or  they  possess  in  the  rich  treasures  of 
plants  at  Kew  and  in  the  English  colonies  a  richer  and 
more  adequate  material  for  such  researches  than  any  one  else 
in  the  world. 


K.  Goebel. 


Corrections  to  Professor  Howes’  Article,  “  On  the  Present  Outlook  of  Verte¬ 
brate  Morphology,”  which  appeared  in  the  first  number  of  this  Review. 

Page  73,  line  26,  for  “aquatic”  read  “  marine ”. 

,,  73,  footnote,  for  “  entwicklungsgeschz  ”  read  “  entwicklungsgeschl  ”. 

,,  74,  line  10,  for  “ dalamination  ”  read  “delamination”. 

„  74,  „  1 1,  for  “  Ophinroids  ”  read  “  Ophiuroids 
,,  74,  footnote,^;'  “  Try  onidce  ”  read  “  Trygonidce  ”. 

55  74?  j?  for  “  Amphipuous”  read  “  Amphipnous” . 

M  74?  )?  for  “  Sarrohanchus  ”  read  “  Saccobranchus  ”. 

„  75,  reference  21,  transpose  to  after  “  European  area”. 

„  76,  line  17 ,for  “  Marsipohanchii  ”  read  “  Marsipobranchii 

,,  76,  ,,  31,/flr  “  Froricp’s  ”  “  Froriep’s  ”. 

,,  78,  last  line,  for  “  Sluir ter /”  read  “  Sluiteri”. 

,,  84,  line  12,  for  “ archiptcrygial”  “  archipterygial ”. 

,,  84,  „  i^for  “  archiptcrygium  ”  “  archipterygium  ”. 

„  86,  ,,  1 2,  jfor  “  additions  ”  raz^  “  addition  ”. 

,,  89,  last  line,  before  “Morph.  Arbeiten  ”  insert  “Schwalbe’s”. 

„  90,  lines  4  and  5  from  bottom,  for  “  bonw  e.  d.  ontwick  g.”  read  “  bouw 

e.  d.  ontwicklg  ”. 

[Note. — The  above  corrections  have  been  rendered  necessary  owing  to 
the  difficulties  connected  with  the  punctual  appearance  of  the  first 
number  and  to  the  fact  that  the  MS.  was  received  late. — Ed.] 
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THE  DETERMINATION  OF  THE  AVAILABLE 

PLANT  FOOD  IN  SOILS. 

THE  chemical  analysis  of  a  soil,  if  carried  out  with 
completeness  and  real  accuracy,  is  a  work  demand¬ 
ing  much  labour  and  skill.  It  has  been  frequently  regarded 
as  a  thankless  task.  Agricultural  chemists  of  high  standing 
have  proclaimed  that  such  analyses  were  unreliable,  because 
it  was  improbable  that  the  very  small  quantity  of  soil  inves¬ 
tigated  by  the  chemist  could  fairly  represent  the  enormous 
quantity  contained  in  a  held.  They  further  pointed  out  that 
the  results  afforded  no  information  upon  the  most  important 
questions.  There  was  frequently  nothing  to  show  why  one 
held  was  fertile  and  another  not.  The  quantities  of  plant 
food  shown  by  the  analysis  were  generally,  when  calculated 
on  an  acre  of  soil,  extremely  large  ;  yet  experience  had  pro¬ 
bably  taught  the  farmer  that  the  application  of  a  small 
quantity  of  a  soluble  phosphate,  of  a  potassium  salt,  or  of  a 
nitrate,  had  the  effect  of  considerably  increasing  the  crop. 
Some  analysts,  like  Prof.  Hilgard,  have  continued  patiently 
at  work,  notwithstanding  hostile  criticism,  and  by  the  accu¬ 
mulation  of  experience  have  become  able  to  interpret  soil 
analyses  with  considerable  success,  especially  if  relating 
to  a  district  already  investigated.  In  such  cases  the 
agricultural  meaning  of  the  analysis  did  not  lie  on  its 
surface,  but  was  elucidated  by  bringing  the  analytical 
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results  into  connection  with  other  previously  ascertained 
facts. 

The  main  object  of  a  chemical  analysis  is  clearly  to 
show  what  is  the  quantity  of  plant  food  existing  in  the  soil. 
Physiologists  are  aware  that  the  plant  food  in  a  soil  occurs 
in  two  distinct  forms.  A  plant  can,  in  the  first  place,  feed 
upon  substances  which  are  in  solution.  The  water  in  a  soil 
contains  a  more  or  less  considerable  amount  of  carbonic 
acid,  and  in  this  weak  solution  of  carbonic  acid  certain  of 
the  ingredients  of  the  soil  are  soluble.  Soil  water  generally 
contains  a  good  deal  of  calcium  and  magnesium  carbonate  ; 
it  contains  nitrates,  chlorides,  and  sulphates,  with  soluble 
silicic  acid.  It  generally  contains  no  phosphates,  and  only 
traces  of  potassium  salts  ;  sodium  salts  may,  however,  be 
present.  If,  therefore,  the  plant  were  entirely  dependent 
on  the  soil  solution  for  its  nourishment,  it  would  be  starved, 
as  two  essential  constituents  of  plant  food,  phosphates  and 
potash,  are  not  supplied  by  this  medium. 

The  second  mode  in  which  a  plant  feeds  is  by  the 
solvent  action  of  its  roots.  This  extremely  important 
function  of  the  roots  has  been  far  too  little  investigated. 
Sachs  was  the  first  to  show  that  the  root  hairs  of  certain 
plants  had  the  power  of  eroding  polished  plates  of  marble, 
dolomite,  and  osteolite,  by  virtue  of  the  acid  sap  which  they 
contained.  Zoller,  more  than  thirty  years  ago,  ascertained 
at  Liebig’s  suggestion  that  calcium  phosphate,  ammonium- 
magnesium  phosphate,  and  the  potash  of  a  freshly-manured 
soil,  were  dissolved  when  placed  on  a  membrane  the  other 
side  of  which  was  in  contact  with  a  weak  solution  of  hydro¬ 
chloric,  acetic,  or  citric  acid.  It  is  generally,  and  probably 
correctly  held,  that  this  solvent  action  of  the  roots  is  especi¬ 
ally  effective  towards  the  phosphoric  acid,  potash  and  other 
substances  which  have  been  previously  absorbed  by  the 
soil  from  solution,  and  which  are  thus  held  on  the  surface  of 
the  soil  particles.  As  to  the  nature  or  amount  of  the  free 
acid  present  in  root  sap  little  is  definitely  known.  A.  Mayer 
lays  most  stress  on  the  presence  of  oxalic  acid,  which  he 
found  in  several  instances. 

The  importance  of  this  solvent  action  of  the  roots  can 
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hardly  be  over-rated.  Most  of  the  phosphoric  acid  in  soil 
exists  as  a  basic  ferric  phosphate,  insoluble  in  water  and  in 
carbonic  or  acetic  acid,  and  but  for  the  existence  of  this 
solvent  power  in  roots  would  remain  useless  to  vegetation. 
The  potash,  and  we  may  add  the  ammonia,  of  soils  is  held 
in  almost  equally  insoluble  combinations  ;  but  analytical 
chemists  are  aware  that  the  whole  of  the  ammonia,  and 
more  or  less  of  the  potash,  becomes  soluble  as  soon  as 
the  soil  is  placed  in  a  weak  solution  of  hydrochloric  or  nitric 
acid.  The  acid  sap  of  the  roots  is  thus  equally  required 
to  bring  about  the  solution  of  these  important  soil  con¬ 
stituents. 

It  is  clear  from  what  has  been  now  said  that  it  should 
be  the  aim  of  a  soil  analysis  to  show  what  is  the  amount  of 
soluble  plant  food  which  a  soil  contains  ;  soluble,  that  is, 
either  in  water,  or  in  the  acid  root  sap  of  the  crops.  Only 
when  this  is  done  can  the  present  fertility  of  a  soil  be  plainly 
indicated  by  its  analysis. 

There  is  no  difficulty  in  ascertaining  the  amount  of  plant 
food  soluble  in  water.  By  following  Schlcesing’s  plan,  and 
displacing,  by  means  of  water,  the  solution  actually  present 
in  the  soil,  we  can,  if  we  please,  examine  the  natural  solution 
in  the  soil.  Or  by  extracting  a  powdered  soil  with  water 
on  a  vacuum  filter,  we  may  speedily  remove  the  whole  of 
the  freely  soluble  salts,  including  nitrates  and  chlorides. 
This  mode  of  proceeding  will  suffice  to  show  what  is  the 
amount  of  immediately  available  nitrogen  which  a  soil  con¬ 
tains,  as  this  will  be  represented  by  the  nitric  nitrogen 
found  on  analysis.  The  following  example,  taken  from  the 
series  of  analyses  made  of  the  soils  of  the  Rothamsted 
barley  field  in  March,  1882,  will  show  the  enormous  differ¬ 
ences  between  the  quantity  of  the  total  nitrogen  of  the  soil 
and  the  effective  nitrogen  existing  as  nitrates,  and  also  the, 
dependence  of  fertility  upon  the  latter. 
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NITROGEN  IN  ROTHAMSTED  BARLEY  SOILS,  MARCH,  1882, 

IN  POUNDS  PER  ACRE. 


Plot. 

Total  Nitrogen 
First  9  Inches  of 
Soil. 

Nitric  Nitrogen. 

Barley  Crop, 
1882  (Grain). 

First  g  Inches 
of  Soil. 

27  Inches  of 
Soil. 

Afterwards 
added  as 
Ammonia. 

Lbs. 

Lbs. 

Lbs. 

Lbs. 

Bushels. 

2  0 

2275 

6-4 

i8*4 

None 

2lJ 

2  A 

2578 

7'4 

27U 

43'° 

45t 

The  two  plots  here  selected  as  illustrations  had  both  grown 
barley  for  thirty  years,  and  had  both  received  every  year  a 
dressing  of  superphosphate.  The  only  difference  between 
them  was  that  while  plot  2  O  had  received  no  nitrogenous 
manure,  plot  2  A  had  received  ammonium  salts  every  year, 
supplying  forty-three  lbs.  of  nitrogen  per  acre.  The  differ¬ 
ence  in  fertility  of  the  two  soils  is  seen  to  be  very  great,  the 
soil  receiving  ammonia  giving  more  than  twice  as  large  a 
produce  as  the  soil  without  nitrogenous  manure.  Yet  the 
soil  without  nitrogenous  manure  contained  2275  lbs.  of 
nitrogen  in  the  first  nine  inches  of  soil,  which  yet  could 
-only  produce  twenty-one  and  seven-eighth  bushels  of  barley. 
The  soil  with  nitrogenous  manure  contained  2578  lbs.  of 
nitrogen  in  the  first  nine  inches.  Had  the  produce  in  this 
case  been  in  proportion  to  the  total  nitrogen  in  the  soil  and 
manure,  it  should  have  yielded  about  twenty-five  bushels  of 
barley.  The  actual  produce  of  forty-five  and  a  quarter 
bushels  obtained  is  clearly  due  to  the  much  larger  amount 
of  nitric  nitrogen  present  on  plot  2  A.  The  ratio  of  the 
total  nitrogen  on  the  two  plots  is  indeed  100:  115.  The 
ratio  of  the  nitric  nitrogen  (assuming  that  the  whole  of  the 
.ammonia  nitrified)  is  100  :  381.  The  ratio  of  the  crops 
(corn  only),  100  :  207. 

Although  the  determination  of  nitric  nitrogen  in  a  soil 
is  an  excellent  means  of  ascertaining  the  amount  of  effective 
nitrogen  which  it  contains,  the  method  is  of  little  use  to  the 
agricultural  analyst.  If  the  determination  is  to  represent 
the  condition  of  the  soil  in  the  field,  the  analysis  must  be 
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made  immediately  the  sample  has  been  taken,  or  the  soil 
must  be  at  once  dried  with  suitable  precautions  (Trans. 
Chem.  Soc.y  1882,  351).  Even,  however,  when  this  is  done, 
the  results  obtained  will  fail  to  indicate  the  intrinsic  quality 
of  the  soil,  as  the  amount  of  nitrate  present  at  any  moment 
is  largely  influenced  by  the  character  of  the  preceding 
weather,  and  by  the  cropped  or  uncropped  condition  of  the 
land.  Much  better  results  would  be  obtained  if  the  analyst 
were  to  ascertain  what  was  the  rate  of  nitrification  in  the 
soil  under  certain  fixed  conditions.  These  rates  would  at 
once  indicate  grades  of  fertility,  and  the  accumulation  of 
results  would  soon  enable  the  analyst  to  associate  them  with 
a  definite  fertility  of  the  soil. 

We  have  spoken  of  the  plant  food  taken  up  from  ready 
formed  solutions  in  the  soil  :  we  turn  next  to  the  undissolved 
plant  food  of  the  soil  brought  into  solution  by  contact  with 
the  acid  surfaces  of  the  root  hairs.  If  the  analyst  is  to  form 
any  idea  of  the  quantity  of  effective  phosphoric  acid  or 
potash  which  a  soil  contains,  he  must  employ  some  solvent 
which  shall  imitate  the  solvent  action  of  the  root  hairs.  In 
approaching  such  a  problem  we  are  at  once  confronted  with 
many  difficulties.  We  do  not  fully  know  the  composition 
of  the  root  sap  of  any  plant,  and  there  can  be  no  doubt  but 
that  the  sap  of  different  plants  differs  very  materially  in 
composition,  and  that  to  this  very  cause  is  due  some  of  the 
remarkable  differences  in  the  capacity  of  various  plants  to 
supply  themselves  with  food  from  the  soil. 

Dr.  Bernard  Dyer  has  recently  published  (Trans.  Chem. 
Soc.y  1894,  1 1 5)  determinations  of  the  acidity  of  root  sap  in 
one  hundred  and  three  plants,  representing  twenty  natural 
orders. 

A  summary  of  his  results  is  given  in  the  following 
table  : — 
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ACIDITY  OF  THE  ROOT  SAP  OF  PLANTS  (DYER). 


Orders. 

Specimens 

examined. 

Acidity  of  Root  Sap  reckoned  as 

Citric  Acid. 

Mean. 

Extremes. 

- - 

Per  Cent. 

Per  Cent. 

Rosaceae 

4 

3 ‘4° 

i-86— 573 

Plumbagineae 

2 

2‘ig 

2'o3— 274 

Onagraceae 

2 

2  '04. 

i  *97 — 2  ■  1 0 

Ranunculaceae  . 

2 

1'13 

i*ii — 1*14 

Boraginaceae 

I 

roo 

— 

Caryophyllaceae  . 

4 

0-89 

o-8o — 1*14 

Araliaceae  . 

2 

o‘88 

070—1-05 

Leguminosae 

9 

o-88 

°’34  1  '55 

Cruciferae  . 

25 

o’8o 

°'37 — 1  ’42 

Scrophulariaceae  . 

3 

073 

0-47 — 1  -i6 

Primula  ceae 

2 

o'68 

0-63—0-73 

Umbelliferae 

5 

0-67 

°*33— ri° 

Compositae 

4 

CV63 

0-46 — 0-76 

Campanulaceae  . 

2 

0'62 

o-55— -°'68 

Gramineae  . 

20 

0*62 

0-28 — I  'OO 

Tropaeolaceae 

1 

o*57 

— 

Chenopodiaceae  . 

8 

072 

0*25 — 0-70 

Dipsaceae  . 

2 

0-44 

Liliaceae 

4 

0*36 

0-17 — 0-62 

Solanaceae  . 

1 

o*34 

The  mean  acidity  of  the  103  determinations  of  root  sap 
is  o-85  per  cent.,  reckoned  as  crystallised  citric  acid  ;  and 
the  mean  acidity  of  the  twenty  orders  is  0*91  per  cent. 
When  we  look,  however,  at  the  agricultural  crops,  we  find 
the  acidity  less,  the  mean  acidity  of  the  Leguminosse, 
Cruciferae,  Gramineae,  Chenopodiaceae  and  Solanaceae  being 
o‘63  per  cent. 

The  difficulty  of  determining  exactly  the  effective  acidity 
of  the  sap  present  in  the  root  hairs  is  very  great,  and  the 
results  of  the  numerous  experiments  just  quoted  are  natur¬ 
ally  only  approximate.  Nor  does  Dr.  Dyer  assume  that 
the  acid  present  is  necessarily  citric  acid  ;  the  results  are 
given  in  terms  of  this  acid  for  a  reason  which  will  presently 
appear. 

It  has  been  recognised  by  many  agricultural  chemists 
that  we  should  obtain  a  much  more  correct  idea  of  the 
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available  plant  food  in  a  soil  if  the  extraction  of  the  soil 
were  made  with  a  weak  instead  of  a  strong  acid.  More 
than  twenty  years  ago  dilute  acetic  acid  was  used  by  E. 
Peters  ;  and  dilute  acetic  acid,  and  dilute  nitric  acid,  by 
Hermann  von  Liebig. 

If  the  object  is  to  determine  the  available  potash,  it  pro¬ 
bably  does  not  matter  what  acid  is  employed.  Schlcesing 
has  taught  us  that  if  a  soil  is  diffused  in  water,  and  small 
quantities  of  hydrochloric  or  nitric  acid  are  gradually  added 
till  the  bases  in  the  soil  are  satisfied,  and  the  solution 
remains  permanently  and  distinctly  acid,  that  the  whole  of 
the  ammonia,  and  the  whole  of  the  potash  held  in  the  same 
way  as  the  ammonia,  will  come  into  solution.  The  potash 
thus  dissolved,  Schlcesing  teaches,  is  the  potash  which  is 
available  to  plants,  and  this  opinion  is  probably  correct. 

If,  however,  the  object  is  to  determine  the  amount  of 
available  phosphoric  acid  which  the  soil  contains,  the  nature 
of  the  acid  becomes  important.  The  phosphoric  acid  of 
non-calcareous  soils  exists  principally  as  a  basic  ferric, 
or  possibly  aluminic,  phosphate  ;  such  compounds  are  not 
dissolved  by  acetic  acid,  which  yet  is  quite  capable  of  dis¬ 
solving  precipitated  calcium  phosphate.  Deherain  and 
Vogel  have  proposed  to  use  acetic  acid  as  a  means  for 
determining  whether  a  soil  stood  in  need  of  phosphatic 
manure,  and  upon  calcareous  soils  the  amount  of  phosphoric 
acid  soluble  in  acetic  acid  is  probably  an  indication  of  prac¬ 
tical  importance.  It  is  well  known,  however,  that  non- 
calcareous  soils  often  contain  a  large  quantity  of  available 
phosphoric  acid,  although  the  existence  of  this  is  not  shown 
by  extraction  with  acetic  acid. 

The  comparative  action  of  various  acids  upon  the  phos¬ 
phates  contained  in  soil  has  been  scarcely  studied.  Much 
attention  has,  however,  been  given  to  the  determination  of 
the  available  insoluble  phosphates  in  manures,  the  reagent 
usually  employed  for  this  purpose  being  ammonium  citrate, 
or,  more  rarely,  citric  acid,  or  a  mixture  of  the  two.  Ammo¬ 
nium  citrate  is  an  excellent  solvent  for  ferric  or  aluminic 
phosphate,  and  a  less  efficient  solvent  for  calcium  phosphate, 
unless  this  occurs  in  a  precipitated  condition.  A  weak 
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solution  of  citric  acid  is,  on  the  other  hand,  a  far  better 
solvent  of  calcium  phosphate  in  all  its  forms,  and  a  worse 
solvent  of  ferric  and  aluminic  phosphate. 

A  solution  of  ammonium  citrate  has  been  employed  by 
Petermann  for  many  years  to  indicate  the  proportion  of 
available  phosphoric  acid  in  a  soil ;  or,  as  he  expresses  it, 
to  distinguish  between  the  phosphates  belonging  to  the 
original  rock,  and  the  phosphates  belonging  to  the  residues 
of  previous  manuring.  Petermann  finds  that  in  well-manured 
sandy  soils  or  loams,  from  twenty-five  to  eighty  per  cent,  of 
the  total  phosphoric  acid  is  soluble  in  alkaline  ammonium 
citrate  ;  while  in  schists  and  greywackes,  only  a  few  per 
cent,  of  the  total  phosphoric  acid  are  thus  soluble.  Gene¬ 
rally  a  larger  proportion  of  the  phosphoric  acid  is  soluble  in 
ammonium  citrate  in  the  case  of  arable  than  of  virgin  soils. 

Dr.  Dyer  describes  experiments  of  his  own  in  which 
two  soils  were  treated  with  ammonium  citrate  solutions  of 
various  strengths,  one  of  the  soils  being  also  treated  with 
various  strengths  of  a  solution  of  free  citric  acid.  The 
results  show  that  the  amount  of  phosphoric  acid  dissolved 
by  ammonium  citrate  increases  with  each  increase  in  the 
strength  of  the  reagent ;  the  rate  of  increase  of  the  dissolved 
phosphate  diminishes,  however,  rapidly  when  considerable 
concentrations  of  the  solvent  are  reached.  The  amount  of 
potash  dissolved  remains,  on  the  other  hand,  nearly  constant 
after  a  certain  considerable  strength  of  the  ammonium  citrate 
has  been  attained.  The  amount  of  phosphate  dissolved  by 
the  free  citric  acid,  in  the  case  of  the  single  soil  experimented 
on,  increases  largely  with  an  increase  in  the  strength  of  the 
acid,  and  the  amount  dissolved  by  the  greatest  concentra¬ 
tion  of  acid  (five  per  cent.)  was  more  than  three  times  as 
great  as  that  dissolved  by  a  fifty  per  cent,  solution  of  ammo¬ 
nium  citrate.  No  experiments  are  recorded  as  to  the  effect 
of  an  increase  in  the  strength  of  the  citric  acid  on  the  amount 
of  potash  dissolved. 

Dr.  Dyer  has  chosen  a  one  per  cent,  solution  of  citric 
acid  as  the  reagent  for  extracting  soils,  with  the  view  of 
determining  the  amount  of  “available  mineral  plant  food” 
which  they  contain.  That  extraction  with  such  a  solution 
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must  yield  results  much  more  nearly  representing  the  sol¬ 
vent  action  of  plant  roots  than  are  obtained  when  the  soil 
is  extracted  with  concentrated  hydrochloric  acid,  may  be 
freely  granted,  but  it  is  perhaps  open  to  doubt  whether  the 
solution  is  the  best  which  could  be  employed.  Actual  ex¬ 
periments  can  alone  decide  such  a  question.  We  may, 
however,  remark  that  the  strength  of  citric  acid  adopted  is 
distinctly  greater  than  the  total  acidity  found  in  the  root  sap 
of  agricultural  crops.  We  would  also  point  out  that  plant 
sap  must  contain  combined  as  well  as  free  organic  acids,  and 
the  fact  that  bases  are  dissolved  out  of  the  soil  by  the  action 
of  this  sap  shows  that  a  supply  of  combined  acid  is  constantly 
maintained.  Now  we  have  just  seen  that  the  action  of  a 
soluble  citrate  (or,  at  all  events,  of  ammonium  citrate)  upon 
ferric  and  aluminic  phosphate,  and  upon  calcium  phosphate, 
is  quite  distinct  from  the  action  of  free  citric  acid,  the  citric 
acid  especially  attacking  the  calcium  phosphate,  while  the 
citrate  had  a  preponderating  action  upon  the  ferric  and 
aluminic  phosphates.  It  is  thus  open  to  doubt  whether  the 
selection  of  free  citric  acid  only,  is  perfectly  judicious.  In 
this  connection  it  may  be  mentioned  that  P.  Wagner,  in 
1886,  proposed  the  use  of  a  solution  containing  0*2  per  cent,  of 
free  citric  acid,  with  3*0  per  cent,  of  citric  acid  combined  with 
ammonia,  for  the  purpose  of  ascertaining  what  proportion  of 
the  phosphate  of  a  manure  was  to  be  reckoned  as  immedi¬ 
ately  available  for  plants  ;  and  he  was  led  to  adopt  this  pro¬ 
portion  of  free  and  combined  acid  because  it  gave  the  same 
results  as  to  the  comparative  value  of  manures  as  were 
shown  by  actual  experiments  with  agricultural  plants. 

We  now  turn  to  the  results  obtained  by  Dr.  Dyer  by 
the  use  of  a  one  per  cent,  solution  of  citric  acid.  These 
results  are  of  great  interest.  He  has  worked  on  a  special 
series  of  soil  samples  taken  from  twenty-two  plots  in  the 
barley  field  at  Rothamsted  in  the  autumn  of  1889,  and  re¬ 
presenting  the  first  nine  inches  in  depth.  In  these  samples 
he  has  determined  both  the  total  phosphoric  acid  and  potash, 
and  also  the  phosphoric  acid  and  potash  extracted  by  a  one 
per  cent,  solution  of  citric  acid. 

As  an  example  of  the  immense  difference  to  the  crop 
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which  is  occasioned  by  a  difference  in  the  solubility  of  the 
phosphates  in  the  soil,  we  will  take  the  results  relating  to 
plots  i  A  and  2  A. 


PHOSPHORIC  ACID  IN  ROTHAMSTED  BARLEY  SOILS,  1889, 
IN  POUNDS  PER  ACRE  IN  FIRST  NINE  INCHES. 


Plots. 

Total  Phosphoric 
Acid. 

Phosphoric  Acid  soluble  in 

1  per  cent.  Citric  Acid. 

Barley  Crop,  1889 
(Grain). 

Lbs. 

Lbs. 

Bushels. 

1  A 

2452 

J52 

22\ 

2  A 

4373 

io73 

35t 

These  two  plots  have  grown  barley  continuously  for 
thirty-eight  years,  and  during  the  whole  of  this  time  both 
have  received  every  year  the  same  quantity  of  ammonium 
salts.  Plot  2  A  has  also  received  every  year  three  and  a 
half  cwts.  of  superphosphate  per  acre  ;  while  during  the 
whole  time  no  phosphates  have  been  applied  to  1  A. 

On  plot  1  A,  where  the  barley  has  been  grown  for  so 
many  years  without  any  supply  of  phosphates,  the  want  of 
phosphates  is  keenly  felt,  the  average  produce  being  about 
thirteen  bushels  less  than  where  phosphates  are  supplied. 
It  appears  by  the  figures  in  the  above  table  that  plot  1  A 
still  contains  2452  lbs.  of  phosphoric  acid  in  the  first  nine 
inches  of  soil  (0*097  Per  cent,  of  the  dry  soil) ;  and  yet  it  is 
evident,  by  comparison  with  the  results  on  2  A,  that  the 
addition  of  sixty-four  lbs.  of  phosphoric  acid  (three  and 
a  half  cwts.  of  superphosphate)  as  manure  would  greatly 
increase  the  produce.  The  reason  of  the  small  availability 
of  the  phosphates  in  this  soil  is  revealed  when  we  look  at 
the  amount  dissolved  by  dilute  citric  acid  :  out  of  the  2452 
lbs.  only  152  lbs.  are  soluble  in  this  reagent. 

On  plot  2  A,  it  appears  from  the  figures  in  the  table 
that  a  large  accumulation  of  phosphoric  acid  remains  from 
the  thirty -eight  annual  dressings  of  superphosphate  which 
have  been  applied  ;  and,  further,  that  more  than  half  of  this 
accumulated  phosphoric  acid,  or  1073  lbs.,  still  remains  in  a 
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condition  soluble  in  dilute  citric  acid.  The  last-named  fact 
is  one  of  much  practical  importance. 

The  great  difference  between  the  supply  of  phosphoric 
acid  on  plots  1  A  and  2  A  is  thus  plainly  shown  by  the 
analyses,  and  most  conspicuously  by  the  results  obtained  on 
extraction  with  dilute  citric  acid. 

The  facts  just  mentioned  must  suffice  as  an  example  of  the 
results  obtained  by  the  application  of  Dr.  Dyer’s  method  to 
soils  known  to  be  respectively  poor  and  rich  in  available 
phosphoric  acid  ;  we  will  next  give  an  example  of  the  results 
he  has  obtained  in  his  determinations  of  potash. 

POTASH  IN  ROTHAMSTED  BARLEY  SOILS,  1889, 

IN  POUNDS  PER  ACRE  IN  FIRST  NINE  INCHES. 


Potash  soluble  in  i  per  cent. 

Barley  Crop,  1889 

Plots. 

Total  Potash. 

Citric  Acid. 

(Straw). 

Lbs. 

Lbs. 

Cwts. 

2  A 

36>376 

57 

18J 

4  A 

43>301 

753 

Plots  2  A  and  4  A  have  each  received  during  thirty- 
eight  years  the  same  annual  dressing  of  ammonium  salts 
and  superphosphate,  but  4  A  has  received  in  addition 
throughout  the  whole  period  a  mixture  of  potassium, 
sodium,  and  magnesium  sulphate.  For  many  years  the 
want  of  potash  was  not  felt  on  plot  2  A,  although  none  was 
applied,  but  in  later  years  a  falling  off  in  the  quantity  of 
straw  has  become  apparent,  as  will  be  seen  in  the  above 
table  ;  moreover,  the  composition  of  the  ash  of  the  straw 
shows  that  very  little  potash  is  at  the  disposal  of  the  crop 
on  this  plot.  Notwithstanding,  therefore,  that  the  soil  still 
contains  the  enormous  quantity  of  36,376  lbs.  of  potash  in 
the  first  nine  inches  (1*439  per  cent,  of  the  dry  soil),  ex¬ 
haustion  of  available  potash  has  clearly  commenced,  and 
we  find  accordingly  that  the  treatment  with  a  one  per  cent, 
solution  of  citric  acid  only  succeeds  in  dissolving  fifty-seven 
lbs.  of  potash.  This  is  certainly  a  most  striking  result. 


204 


SCIENCE  PROGRESS. 


The  same  soil  treated  for  a  short  time  with  strong  hydro¬ 
chloric  acid  yielded  potash  equal  to  6269  lbs.  per  acre. 

Plot  4  A  has  received  during  the  thirty-eight  years 
about  4100  lbs.  of  potash  per  acre  as  manure;  the  total 
potash  of  the  two  plots  mentioned  in  the  table  differs,  how¬ 
ever,  by  more  than  this  amount,  probably  from  some 
inaccuracy  in  sampling  the  soils.  On  the  plot  manured 
with  potash  there  are  found  753  lbs.  of  potash  soluble  in 
one  per  cent,  citric  acid.  This  result  is  in  striking  contrast 
with  the  57  lbs.  yielded  by  the  plot  in  which  potash 
exhaustion  has  commenced.  The  proportion  of  the  potash 
manure  remaining  soluble  in  citric  acid,  and  therefore  appa¬ 
rently  still  available  to  the  crop,  is  however  far  smaller  than 
the  proportion  of  phosphoric  acid  remaining  available  in  the 
experiments  already  described.  The  cause  of  this  requires 
further  investigation.  We  must  either  assume  that  the 
potash  has  entered  into  combinations  which  are  not  decom¬ 
posed  by  the  weak  citric  acid,  or  that  it  has  passed  into  the 
subsoil. 

The  examples  quoted  sufficiently  show  that  the  quantities 
of  phosphoric  acid  and  potash  extracted  from  these  heavy 
loams  by  a  one  per  cent,  solution  of  citric  acid  are  plainly 
related  to  the  quantities  of  available  phosphoric  acid  and 
potash  present,  as  shown  by  the  barley  crops  grown  on  the 
land.  When,  however,  we  look  a  little  more  nearly  at  the 
figures  yielded  by  the  treatment  with  citric  acid,  we  see 
quite  plainly  that  the  action  of  this  acid  by  no  means  exactly 
represents  the  action  of  the  barley  roots  ;  that,  in  fact,  the 
one  per  cent,  solution  of  citric  acid  is  a  much  better  solvent 
for  soil  phosphates  than  it  is  for  soil  potash.  If  we  take  the 
mean  of  Dr.  Dyer’s  determinations  of  phosphoric  acid  in 
eight  plots  of  the  barley  field,  to  which  no  phosphates  had 
been  applied  for  thirty-eight  years,  we  find  199  lbs.  per  acre 
as  soluble  in  one  per  cent,  citric  acid.  On  all  these  plots 
the  crop  was  greatly  reduced  from  the  deficiency  of  available 
phosphoric  acid  in  the  soil.  If  we  now  take  the  mean  of  the 
determinations  of  potash  in  eight  plots  to  which  no  potash 
had  been  applied,  we  find  98  lbs.  per  acre  soluble  in  the  one 
per  cent,  solution  of  citric  acid.  Yet  this  far  smaller  amount 
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of  potash  was  generally  sufficient  for  the  barley  crop,  a  lack 
ot  potash  being  only  shown  in  some  instances  by  a  deficiency 
in  the  straw.1 

It  is  thus  evident  that,  compared  with  the  one  per  cent, 
citric  acid,  the  barley  roots  took  up  potash  from  the  soil 
much  more  easily  than  they  took  phosphoric  acid  ;  or,  in 
other  words,  that  if  the  action  of  the  citric  acid  is  to  be 
made  comparable  with  that  of  the  barley  roots,  its  solvent 
powers  for  soil  phosphates  must  be  reduced.  We  have 
already  seen  that  the  average  acidity  of  root  sap  in  the 
Gramme#  was  found  by  Dr.  Dyer  to  be  equal  to  o'62  per 
cent,  of  citric  acid.  In  the  single  specimen  of  barley  root 
sap  examined  by  him  the  acidity  was  only  0*38  per  cent. 
If  Schlcesing’s  view  be  correct,  and  it  suffices  merely  to 
acidify  the  soil  in  order  to  bring  the  available  potash  into 
solution,  a  reduction  in  the  strength  of  the  citric  acid  might 
be  made  without  diminishing  the  quantity  of  potash  dis¬ 
solved,  while  it  would  probably  considerably  diminish  the 
quantity  of  phosphates  brought  into  solution. 

As  Dr.  Dyer  is  continuing  his  researches,  and  has  com¬ 
mand  of  the  best  series  of  soils  which  is  available  for  the 
establishment  of  a  method  of  determining  the  amount  of 
effective  plant  food  in  soils,  we  may  be  permitted  perhaps 
to  point  out  some  of  the  questions  which  seem  at  the  present 
time  to  stand  in  need  of  answers. 

Dr.  Dyer  has  worked  upon  undried  soils.  It  is  very 
important  that  we  should  know  if  the  citric  acid  method 
yields  the  same  results  before  and  after  the  soil  is  dried. 
Unless  a  soil  can  be  dried  sufficiently  to  admit  of  powdering 
and  sifting,  it  is  impossible  to  obtain  a  fair  sample  of  it  for 
analysis,  and  thus  a  method  which  demands  undried  soil 
becomes  of  little  practical  use. 

1  Dr.  Dyer’s  explanation  of  the  relatively  low  proportion  of  soluble 
potash  found  in  the  soils  from  the  fact  that  the  soil  samples  were  taken  in 
■  autumn,  before  the  winter  weathering  had  taken  place,  seems  untenable.  The 
quantities  of  potash  and  phosphoric  acid  found  in  autumn  must  he  those 
existing  in  the  previous  spring,  that  is,  after  winter  weathering,  minus  that 
removed  in  the  crop.  The  quantity  removed  in  the  preceding  crop  is  thus 
the  only  correction  which  need  be  applied  in  the  case  of  autumn  sampling, 
and  this  correction  must  affect  both  the  phosphoric  acid  and  potash. 
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Can  the  method  proposed  be  applied  to  soils  containing 
variable  amounts  of  calcium  carbonate,  which  will  of  course 
neutralise  the  citric  acid?  If  calcium  carbonate  is  mixed 
with  a  soil,  of  which  the  composition  by  the  citric  method  is 
already  known,  can  the  former  result  be  again  obtained  by 
extracting  it  with  citric  acid  ? 

What  is  the  solvent  action  on  phosphates  and  potash  of 
citric  acid  of  strengths  below  one  per  cent,  when  working 
on  a  poor  and  rich  Rothamsted  soil  ?  Is  the  action  of  the 
citric  acid  modified  by  the  presence  of  calcium  citrate  in 
solution  ? 

For  the  further  elucidation  of  the  subject  it  is  important 
that  some  typical  soils  should  be  extracted  with  acetic  acid,,, 
and  with  ammonium  citrate,  as  well  as  with  citric  acid. 

There  are  a  number  of  very  interesting  and  important 
facts  in  Dr.  Dyer’s  paper  which  we  cannot  now  call  atten¬ 
tion  to  as  they  do  not  belong  to  our  present  subject.  We 
must  not,  however,  end  the  present  paper  without  referring 
to  the  entirely  different  view  as  to  the  condition  of  the  avail¬ 
able  plant  food  in  soil  which  has  been  proposed  by  L.. 
Grandeau. 

Grandeau  was  led  by  his  investigations  to  believe  that  the 
effective  mineral  plant  food  in  a  soil  was  always  in  combina¬ 
tion  with  humic  matter,  and  that  this  humic  matter  was  the 
indispensable  vehicle  necessary  to  transfer  this  mineral  food 
to  a  growing  plant.  Fertile  soils,  he  said,  offer  their  mineral 
ingredients  to  plants  in  a  state  similar  to  that  in  which  they 
are  contained  in  farmyard  manure.  His  plan  of  analysis, 
was  first  to  subject  the  soil  to  a  preliminary  extraction  with 
very  dilute  hydrochloric  acid  to  decompose  the  humates  and 
remove  basic  matter,  and  then  to  extract  the  residual  soil 
with  ammonia.  The  dark-coloured  solution  thus  obtained 
was  evaporated  to  dryness,  the  residue  ignited,  and  the 
mineral  matter  left  was  determined  by  ordinary  methods  of 
analysis. 

Grandeau’s  method  has  been  submitted  to  a  careful 
study  by  O.  Pitsch  ( Landw .  Versuchs.  Stat.,  xxvi.,  i). 
Having  examined  many  soils  by  this  method,  but  appa¬ 
rently  chiefly  with  regard  to  their  richness  in  phosphoric 
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acid,  he  concludes  that  in  the  case  of  sandy  loam  and 
peaty  soils,  the  method  affords  a  much  better  criterion  of 
their  fertility  than  is  afforded  by  extracting  the  soil  with 
strong  acids  ;  but  that  in  the  case  of  clay  soils,  the  ammonia- 
soluble  phosphoric  acid  is  by  no  means  a  measure  of  the 
soil’s  fertility.  He  gives  a  few  complete  analyses  of  the 
mineral  matter  extracted  by  ammonia.  All  the  essential 
constituents  of  plant  food  are  present.  Ferric  and  aluminic 
phosphate  form  about  half  of  the  ash,  and  silica  is  a  large 
constituent ;  on  the  other  hand,  the  bases — potash,  lime  and 
magnesia — are  present  only  in  small  quantity. 

Pitsch  entirely  disagrees  with  Grandeau’s  fundamental 
proposition  that  the  substances  extracted  by  ammonia  are 
all  combined  with  humus  in  the  soil,  and  are  taken  up  by 
plants  solely  from  such  combinations.  He  believes  that  the 
ferric  and  aluminic  phosphate  found  in  the  ammonia  solution 
have  been  extracted  from  the  soil  in  the  course  of  the 
analysis  owing  to  their  solubility  in  ammonium  humate. 
He  prepared  ammonium  humate,  and  compared  its  solvent 
action  on  various  phosphates  with  that  of  alkaline  ammonium 
citrate,  and  found  that  the  solvent  power  of  the  humate  ex¬ 
ceeded  that  of  the  citrate  both  in  the  case  of  tricalcic  phos¬ 
phate  and  ferric  phosphate.  The  rationale  of  the  method 
is  thus  explained  :  if  the  soil  contains  a  sufficient  amount 
of  humic  matter,  the  extraction  with  ammonia  becomes  a 
similar  proceeding  to  the  extraction  of  a  soil  with  ammonium 
citrate.  The  facts  brought  to  light  by  these  investigations 
appear  to  indicate  that  soluble  humates  have  a  special 
solvent  power  for  phosphates  ;  and,  if  this  be  the  case, 
soils  well  supplied  with  humus,  or  manured  with  farm¬ 
yard  manure,  will  generally  also  be  well  supplied  with 
available  phosphoric  acid,  and  a  part  of  Grandeau’s  con¬ 
tention  will  be  substantiated.  It  would  be  interesting  to 
know  how  a  few  typical  Rothamsted  soils  behave  when 
treated  by  Grandeau’s  method. 


R.  Warington. 
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IN  few  groups  of  the  animal  kingdom  has  the  true 
nature  of  the  embryonic  development  been  so  little 
understood,  or  the  statements  of  the  investigators  of  this 
subject  so  contradictory,  as  in  sponges.  An  attempt  to 
reduce  their  ontogeny  to  a  common  type  was  made  by 
Haeckel,  who  wished  to  fit  them  in  with  his  Gastrsea 
theory,  and  under  the  influence  of  this  idea  regarded  all 
sponge  larvae  as  gastrulae  ;  in  fact  he  even  went  so  far  as 
to  depict  the  larvae  of  Ascetta  primordialis  and  other 
species  as  free  swimming  gastrulae  of  a  most  typical  kind.1 
It  was  soon  shown,  however,  by  the  more  accurate  studies 
of  Schmidt,  Metschnikoff  and  Schulze  on  the  embryology 
of  Calcarea  that  Haeckel’s  figures  and  descriptions  were 
far  from  being  true  to  nature,  and  that  the  larvae  of  A  scons 
could  in  no  way  be  regarded  as  gastrulae,  while  the  process 
of  invagination  undergone  by  the  Sycon  larvae  was  in  some 
respects  the  reverse  of  a  typical  gastrulation. 

By  the  careful  investigations  of  Schulze  and  Mets¬ 
chnikoff  on  the  development  of  Sycandra ,  the  ontogeny 
of  this  form  became  better  known  than  that  of  any  other 
sponge,  and  a  distinct  type  of  development  was  established, 
characterised  by  an  amphiblastula  larva,  composed  half  of 
columnar  ciliated  cells,  half  of  granular,  rounded,  non- 
ciliated  cells.  This  larva  was  found  to  be  characteristic 
of  Sycons  and  Leucons  generally,  and  also  of  Ascandra 
among  Ascons.  It  is  thus  more  or  less  universal  among 
Calcarea,  with  the  exception  of  the  most  primitive  forms 
{Ascetta).  The  most  striking  feature  of  this  type  of 
development  is  that  the  ciliated  cells  become  invaginated 
into,  or  overgrown  by,  the  granular  non-ciliated  cells, 
and  that  the  former  cells  give  rise  to  the  collar-cell  layer 

1  Die  Kalkschwamme,  1872  ;  compare  also  Natiirliche  Schopfungsge- 
schichte,  fifth  edition,  Berlin,  1874,  pp.  454  et  seq.,  taf.  xvi. 
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of  the  adult,  as  well  as  probably  to  the  lining  of  the 
gastral  cavity  ;  in  short,  that  the  ciliated  cells  of  the 
amphiblastula  become  the  future  “  endoderm,”  and  not,  as 
had  been  assumed  before,  the  ectoderm.  On  the  other 
hand,  the  cells  in  the  amphiblastula  larva,  which  become  the 
ectoderm  of  the  adult  sponge,  are  those  cells  which  are 
laden  with  the  food  yolk  of  the  ovum,  the  reverse  of  what 
usually  occurs  in  the  development  of  other  types  of  animals  ; 
for,  as  a  general  rule,  food  yolk,  if  present,  is  contained  in 
cells  of  the  endoderm.  These  anomalies  in  development 
did  not  receive  an  explanation,  as  might  have  been  hoped, 
by  comparison  with  the  lowest  calcareous  sponges  ( Ascetto ) ; 
for  in  the  latter  a  mode  of  development  occurred  which 
apparently  differed  widely  from  the  amphiblastula  type, 
though,  as  we  shall  see  later,  the  difference  is  probably  not 
so  great  as  it  seems. 

While  the  course  of  development  in  calcareous  sponges, 
and  especially  in  the  amphiblastula  type,  was  thus  made  out 
more  or  less  clearly,  even  if  it  appeared  somewhat  strange 
when  compared  with  the  development  of  Metazoa  other  than 
sponges,  the  embryology  of  siliceous  sponges,  on  the  other 
hand,  remained  very  imperfectly  understood  until  quite 
recently.  The  typical  larva  of  Silicispongiae  was  shown  by 
all  the  investigators  to  be  a  solid  organism,  consisting  of  a 
superficial  layer  of  ciliated  cells  enclosing  an  internal  mass 
of  granular  cells.  The  ciliated  layer  sometimes  completely 
enclosed  the  granular  cells,  and  sometimes  left  them  un¬ 
covered  at  one  of  the  poles.  In  the  latter  case  a  comparison 
with  the  amphiblastula  of  Calcarea  seemed  obvious,1  but  was 
negatived  by  the  fact,  in  which  all  investigators  were 
agreed,  that  the  ciliated  cells  of  the  embryo  gave  rise  to  the 
ectoderm  of  the  adult,  while  the  collar-cell  layer  arose  from 
the  granular  inner  mass  of  the  larva,  the  exact  reverse  of 
what  occurs  in  the  amphiblastula  type.  It  is  true  that  in 
the  larva  of  Spongilla  Gotte  described  the  ciliated  cell  layer 


1  Such  a  comparison  was  made  by  Metschnikoff  ( Zeitschr .  f  wiss. 
Zool. ,  xxiv.,  1874,  p.  12)  and  by  Balfour  ( Comparative  Embryology ,  vol. 
k  P-  147)- 
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of  the  larva  as  being  thrown  off,  and  the  whole  sponge  as 
arising  from  its  inner  mass,  but  this  statement,  now  known 
to  be  erroneous,  did  not  serve  to  put  things  in  any  clearei 
light.  With  regard  to  other  facts  in  the  metamorphosis  of 
the  larva  of  Silicispongiae  the  statements  of  investigators 
were  very  contradictory.  Some  authors  described  the 
fixation  as  taking  place  by  the  non-ciliated  pole,  which  was 
regarded  as  the  blastopore,  and  the  wdiole  larva  was  then 
compared  to  the  omphigastrula  or  invaginated  stage  of 
Sycons,  which  had  been  clearly  showrn  to  fix  itself  by  the 
blastopore  or  orifice  of  invagination.  But,  according  to 
other  authors,  again  the  fixation  of  the  larva  took  place  by 
the  ciliated  pole,  and  with  regard  to  other  details  of  the 
metamorphosis  the  statements  were  egually  at  variance. 
Moreover,  certain  of  the  lower  forms  such  as  O scclvcIIcl, 
Halisa7'ca  and  Plakma  were  shown  to  have  a  type  of 
development  very  different  from  that  prevailing  in  Silici¬ 
spongiae,  and  more  resembling  the  process  known  to  occur 
in  Ascons. 

It  was  therefore  impossible,  in  the  face  of  such 
differences  in  the  mode  of  development,  to  reduce  the 
embryology  of  sponges  to  any  uniform  scheme  or  funda¬ 
mental  type.  The  most  that  could  be  said  with  certainty 
was  that  all  sponges  had  a  free  swimming  larva  with  the 
surface  formed  either  completely  or  partially  of  a  layer  of 
flagellated  cells,  and  that  the  larva  soon  became  fixed  and 
developed  into  a  young  sponge.  This  larva  more  or  less 
resembled  the  planula  larva  of  Coelenterates,  in  which  the 
outer  ciliated  covering  becomes  the  adult  ectoderm,  and  in 
a  similar  manner  the  ciliated  cells  of  sponge  larvae  were  said 
in  nearly  every  case  to  become  the  adult  ectoderm.  But  in 
one  type,  and  that  too  the  best  known,  namely,  the  amphi- 
blastula ,  it  was  shown  beyond  all  doubt  that  the  ciliated 
cells  became  the  endoderm ;  that  is  to  say,  they  developed 
into  the  layer  of  collared  cells,  which  most  zoologists  were 
agreed  in  comparing  with  the  endoderm  proper  of  Ccelen- 
terata.  This  fact  separated  the  amphiblastula  larva  from 
all  other  known  sponge  or  Metazoan  larvae,  and  made  it, 
in  particular,  impossible  to  compare  the  amphiblastula  with 
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the  larva  it  most  nearly  resembled,  namely,  the  partially 
ciliated  larva  of  Silicispongise ;  for  the  cell  layers  which 
resembled  each  other  in  appearance  and  position  in  the  two 
types  of  larvae  were  apparently  precisely  opposite  in  their 
homology. 

With  matters  in  this  condition,  an  entirely  new  light 
has  been  thrown  upon  the  question  by  the  independent 
investigations  of  Maas  in  Germany,  and  Yves  Delage  in 
France.  These  two  authors,  though  differing  greatly  in 
details,  are  agreed  upon  certain  fundamentally  important 
points,  namely,  that  in  the  solid,  planula-like  larva  of 
siliceous  and  horny  sponges,  the  flagellated  external  cell 
layer,  contrary  to  former  statements,  gives  rise  to  the 
collar  cells  of  the  chambers  of  the  adult  sponge,  while 
the  inner  mass  of  cells  gives  rise  to  the  flattened  epithel¬ 
ium  lining  the  outer  surface  and  the  canal  system,  as  well 
as  to  the  whole  of  the  so-called  mesoderm  of  the  sponge. 
Or,  to  put  it  differently,  if  we  agree  to  term  the  collar¬ 
cell  layer  of  an  adult  Ascon,  or  any  other  sponge,  the 
endoderm ,  its  flattened  epithelium  ectoderm ,  and  the  inter¬ 
mediate  layer  mesoderm ;  then,  in  the  larva  of  siliceous, 
sponges,  the  flagellated  cell  layer  is,  as  in  the  amphi- 
blastula  of  Calcarea,  the  endoderm,  while  the  inner  mass 
of  granular  cells  represents  an  ecto-mesoderm.  We  thus 
find  a  fundamental  agreement ,  instead  of  difference,  between 
the  type  of  larva,  most  common  in  calcareous,  and  siliceous 
sponges  respectively.  On  the  other  hand,  the  apparently 
paradoxical  fact  of  endoderm  completely  or  partially  sur¬ 
rounding  ectoderm,  separates  them  completely  from  other 
Metazoan,  and  especially  from  Coelenterate  larvae,  and  for 
this  reason  it  will  be  best  to  avoid  at  the  outset  such  terms 
as  ectoderm  and  endoderm,  as  more  or  less  implying  homo¬ 
logies  outside  the  group,  and  to  consider  simply  the  plain 
facts  of  development,  as  stated  by  Maas  and  Yves  Delage. 

The  investigations  of  Maas  commence  with  the  seg¬ 
mentation  of  the  egg  and  extend  over  the  larval  life  and 
metamorphosis  up  to  the  young  sponge,  while  Delage  has 
studied  the  post-larval  development  only.  The  species 
studied  by  Maas  are  Espema  (. Esperella )  Lorenzi  O.  S.  and 
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E.  ligua ,  Bwk.  (metamorphosis),  Axinella  Cmsta-galli 
n.sp.  (metamorphosis),  Myxilla  rosacea  O.  S.  (from  the  egg), 
Gellius  varius ,  Bwk.  (metamorphosis),  and  C halinit la fer tills , 
Keller  (from  the  egg),  and  a  few  observations  are  detailed 
upon  the  larvae  of  some  other  species  and  the  development 
of  Euspongia  officinalis ,  Hircinia  vanabilis ,  and  Spongilla } 
Delage  has  investigated  the  metamorphosis  of  Spongilla 
fluviatilis,  Lbkhn.,  Esperella  sordida ,  Bwk..  Renter  a  dens  a, 
Bwk.,  and  Aplysilla  sulfurea ,  F.  E.  S. 

According  to  Maas  the  segmentation  is  more  or  less 
uniform  in  all  the  species.  The  first  two  cleavages  run 
meridionally  and  at  right  angles  to  one  another,  and 
divide  the  egg  into  four  equal  segments.  The  third 
furrow  is  equatorial  and  separates  the  ovum  into  four 
smaller  and  four  larger  blastomeres,  an  inequality  which 
is  maintained  from  this  stage  onwards.  A  segmentation 
cavity,  virtually  present  at  the  eight-cell  stage,  is  more  dis¬ 
tinct  in  the  later  stages,  especially  when  the  inequality  in 
the  blastomeres  is  more  pronounced.  In  other  cases  it  is 
less  distinct,  and  may  become  obliterated  by  blastomeres 
pressing  into  the  interior.  The  embryo  soon  becomes 
distinctly  two-layered,  owing  to  the  more  rapid  division 
of  the  peripheral  cells.  At  first  the  cells  at  one  pole  are 
smaller  than  those  at  the  other,  but  later  the  embryo  be¬ 
comes  surrounded  by  the  smaller  cells  and  then  consists 
of  two  distinct  layers  :  ( i )  a  peripheral  layer  of  small  cells, 
with  clear  protoplasm  and  small,  deeply  staining  nuclei  filled 
with  a  close  framework  of  chromatin  ;  (2)  an  inner  mass  of 
larger  cells,  filled  with  coarse  granules  (yolk)  and  containing 
each  a  vesicular  nucleus  with  nucleolus.  In  Chalinula 
and  Myxilla  the  layer  of  smaller  cells  is  only  one  or  two 
cells  deep  and  does  not  completely  envelop  the  inner  mass, 
but  leaves  the  latter  exposed  at  one  pole.  In  Hircinia , 
however,  the  inner  mass  is  completely  covered,  the  layer 

1  In  his  former  paper  on  the  development  of  Spongilla  ( Zeitsch r.  f 
wiss.  Zool .,  bd.  1.,  1890)  Maas  gave  a  very  different  account  to  that 
which  he  now  believes  to  be  correct.  He  then  described  the  ectoderm  of 
the  adult  sponge  as  arising  from  the  ciliated  cells  of  the  larva. 
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of  small  cells  being  largely  developed  and  three  or  four 
cells  deep  all  round. 

The  embryo  at  the  later  stages  of  segmentation  has 
a  striking  resemblance  to  the  cases  of  unequal  segmenta¬ 
tion,  followed  by  epibolic  gastrulation,  which  are  of  such 
common  occurrence  in  other  groups  of  animals.  In  fact, 
were  it  not  for  the  subsequent  fate  of  the  two  kinds  of 
cells,  we  should  have  no  hesitation  in  identifying,  by 
analogy  with  other  Metazoa,  the  micromeres  as  ectoderm 
cells,  and  the  large,  granular  yolk  containing  cells  as 
endoderm.  But,  as  a  matter  of  fact,  the  micromeres  give 
rise  to  the  ciliated  cells  of  the  larva  and  the  collar  cells  of 
the  adult,  while  the  macromeres  become  the  inner  mass  of 
the  larva  and  the  flattened  epithelium  and  mesoderm  so 
called  of  the  adult. 

The  next  step  is  the  histological  differentiation  of  the 
cells  composing  the  two  layers  which  hitherto  have  had 
the  appearance  of  blastomeres.  At  the  same  time  that 
the  first  spicules  appear  in  the  interior  of  the  embryo,  the 
cells  of  the  peripheral  layer  begin  to  arrange  themselves 
to  form  an  epithelium,  composed  ol  cells  which  are  first 
rounded,  then  cubical,  then  columnar,  and  finally  exces¬ 
sively  elongated  and  attenuated,  each  bearing  a  single 
flagellum.  The  cells  of  the  inner  mass  do  not  remain 
uniform  in  character  but  differentiate  into  the  various  cells 
composing  the  inner  mass  of  the  larva,  such  as  spicule  cells, 
contractile  cells,  cells  of  the  future  epidermis,  and  finally 
undifferentiated  amoeboid  cells.  With  respect,  however,  to 
the  exact  composition  of  the  inner  cell  mass  of  the  larva,  the 
statements  of  Maas  and  Delage  are  at  variance.  The  larva 
is  now  fully  developed  and  ready  to  leave  the  maternal  body, 
which  it  does  in  all  cases,  probably,  by  the  osculum. 

The  free  swimming  larva  is  oval  in  shape  and  covered 
with  cilia,  or  rather  flagella,  over  the  whole  surface  in 
Spongilla  and  the  horny  sponges,  but  in  the  Cornacu- 
spongice  proper,  i.e.,  the  suborder  Halichondrina  of  the 
Monaxonida  of  Ridley  and  Dendy,  the  flagella  are  absent 
at  the  hinder  pole.  Two  distinct  types  can  further  be  dis¬ 
tinguished  in  the  partially  flagellated  larvae  of  Cornacn- 


214 


SCIENCE  PROGRESS. 


spongice ,  the  one  characteristic  of  the  families  D  esmacidonidcz 
and  Axinellidce ,  the  other  of  the  families  Ed  omorhaphidce 
and  Heterorhaphidce  ( Gellius ).  In  the  first  type  the  layer 
of  flagellated  cells  covering  the  anterior  end  and  sides  of  the 
larva  simply  ceases  towards  the  hinder  end,  and  while  the 
flagellated  layer  is  coloured  orange,  red  or  scarlet,  the  inner 
mass  protrudes  posteriorly  with  no  other  colouring  than 
that  of  ordinary  protoplasm.  In  the  second  type  the  hinder 
end  bears,  in  the  region  where  the  flagellated  layer  ceases, 
a  circle  of  especially  developed  flagella  of  large  size, 
which  are  stiffer  than  the  other  flagella,  and  more 
resemble  bristles,  and  are  carried  upon  a  circle  of  cor¬ 
respondingly  large  cells.  In  addition  to  this  peculiarity, 
the  cells  forming  the  surface  at  the  hinder  end  of  the 
larva  are  pigmented,  the  large  flagellated  cells  being 
chiefly,  though  not  exclusively,  the  seat  of  this  pigment, 
so  that  the  larva  has  at  its  hinder  end  a  violet,  brown,  or 
yellow  pigment  ring,  while  the  rest  of  the  body  is  white. 
These  differences  of  ciliation  and  pigmentation  are  such 
as  to  be  easily  recognised  with  a  magnifying  glass  of  low 
power  or  even  with  the  naked  eye.  Larvae  of  the  first 
type  have  been  seen  in  E sperm,  Myxilla,  Desmacidon , 
Clathria,  Dictyonella ,  and  Axinella,  of  the  second  type 
in  Reniera,  Chal inula,  Gelluis ,  Pa chyc halina,  and  Toxo- 
chalina.  Maas  thinks  that  the  characters  of  these  two 
types  of  larvm  are  of  systematic  value,  on  account  of  the 
constancy  with  which  they  occur  in  various  genera,  and  the 
fact  that  they  coincide  with  other  structural  peculiarities  both 
of  the  larva  and  the  adult.  A  classification  of  the  Monaxo- 
nida  found  on  larval  characters  would  pface  the  *families 
Desmacidonidce  and  Axinellidce  of  Ridley  and  Dendy  in  one 
group,  and  the  families  H omorhaphidce  and  H eterorhaphidce 
in  another,  in  opposition  to  Vosmaer’s  classification,  which 
brings  together  Axinella  and  H omorhaphidce,  on  account 
of  their  lacking  microscleres,  while  forms  such  as  Gellius 
are  placed  with  Desmacidon  and  Myxilla.  It  is  interest¬ 
ing  to  note,  however,  that  though  Gellius  possesses 
microscleres  in  the  adult  condition,  its  larva  has  macro- 
scleres  only  and  is  more  nearly  related  to  forms  without 
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microscleres,  such  as  Reniera ,  than  to  the  genera  possess¬ 
ing  chelae  ( Desmacidonidce ). 

From  larva  of  the  second  type,  with  a  ring  of  larger 
flagellated  cells  at  the  hinder  end,  there  is  an  easy  transi¬ 
tion  to  the  larvae  of  horny  sponges  with  their  uniform 
covering  of  cilia.  In  the  latter  the  ring  of  large  cells  has 
grown  inwards  to  form  a  circular  area,  completely  cover¬ 
ing  the  hinder  end.  The  larvae  of  horny  sponges,  such  as 
Hircinia  and  Euspongia ,  are  thus  more  nearly  allied  to 
the  larvae  of  Reniera  and  Chalinula  than  to  those  of  other 
Monaxonida ,  a  relationship  parallel  to  that  shown  by  the 
structural  characters  of  the  adult  sponges.  In  Aplysilla , 
however,  the  larva,  as  described  by  Delage,  is  without  the 
pigment  ring,  and  approaches  more  in  other  peculiarities 
also  to  the  first  type  of  larva  ;  a  fact  which  would  point 
to  a  polyphyletic  origin  of  horny  sponges  from  different 
families  of  Monaxonida.  In  Spongilla  also  the  uniform 
covering  of  cilia  is  to  be  explained  by  an  overgrowth  of  the 
cells  at  the  posterior  pole,  but  its  cells  are  different  from 
those  of  horny  sponges.  The  larva  of  Aplysilla  differs, 
according  to  Yves  Delage,  from  the  other  larvae  described 
by  himself  and  by  Maas,  in  that  the  inner  mass  is  uncovered 
at  the  anterior  pole. 

The  structure  of  the  larvae  of  siliceous  sponges  can  only 
be  determined  by  sections,  on  account  of  their  opacity,  and 
the  statements  of  Maas  and  Delage  differ  somewhat  with 
regard  to  this  point.  They  are  agreed  upon  the  funda¬ 
mental  point  that  the  larva  is  composed  of  two  layers  of 
cells — (1)  an  external  layer  of  flagellated  cells  ;  (2)  an  inner 
mass  containing  spicules  and  several  kinds  of  cells  imbed¬ 
ded  in  a  jelly-like  substance.  A  cavity  may  persist  at  the 
anterior  pole,  probably  a  remnant  of  the  segmentation 
cavity,  or  the  larva  may  be  compact.  The  two  authors 
differ  considerably,  however,  as  to  the  exact  composition 
of  this  inner  mass  and  its  relations  to  the  outer  layer. 
According  to  Delage  the  inner  mass  consists  of  a  layer 
of  epidermic  cells  placed  immediately  beneath  the  ciliated 
cells,  and  a  central  nucleus  composed  of  amoeboid  cells 
and  “cellules  intermediates  ”.  According  to  Maas  the 
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interior  of  the  embryo  is  composed,  at  an  early  stage,  of 
a  uniform  mass  of  granular  macromeres,  each  with  a  vesi¬ 
cular  nucleus.  The  first  differentiation  is  that  some  of 
these  become  clearer  and  less  granular,  and  commence 
to  secrete  spicules.  These  “  scleroblasts  still  retain,  how¬ 
ever,  the  vesicular  nucleus.  A  part  of  the  remaining 
blastomeres  then  becomes  transformed  into  cells  with 
uniform,  finely  granulated  protoplasm  and  a  nucleus  con¬ 
taining  a  framework  and  evenly  distributed  chromatin ; 
these  cells  are  destined  to  give  rise  to  epithelial,  con¬ 
tractile  and  connective  tissue  cells.  In  addition  there 
remain  over  a  number  of  undifferentiated  blastomeres, 
with  coarsely  granular  protoplasm  and  vesicular  nucleus. 
These  are  set  apart  to  become  the  future  amoeboid  and 
genital  cells  of  the  adult  sponge,  so  that  we  have  here 
an  interesting  and  striking  case  of  the  germ  cells  being 
separated  at  an  early  period  from  the  somatic  cells  and 
retaining  the  primitive  characters  of  the  blastomeres  of 
the  ovum.  Hence  the  inner  mass  of  the  larva  consists  of 
(i)  scleroblasts  with  spicules,  the  latter  always  having  a 
definite  arrangement,  which  in  some  species  ( e.g .,  Espema 
Lorenzi )  may  attain  to  a  high  degree  of  complication  ;  (2) 
undifferentiated  cells,  corresponding  to  Delage’s  amoeboid 
cells  ;  and  (3)  differentiated  cells,  corresponding  to  Delage’s 
“cellules  epidermiques”  and  “  intermediates  ” — a  distinc¬ 
tion  which  Maas  does  not  recognise.  Some  of  these 
differentiated  cells,  when  bounding  a  free  surface,  as  at  the 
hinder  end  of  the  larva,  take  on  an  epithelial  arrangement, 
but  the  cells  so  modified  are  not  to  be  regarded  as 
essentially  different  from  those  lying  beneath  them  ;  their 
difference  in  appearance  is  due  to  the  accident  of  their 
position,  so  to  speak.  Other  differentiated  cells  again  are 
often  arranged  radially  or  tangentially  in  the  larva,  and 
probably  serve  for  the  contraction  of  the  body.  In  spite 
of  the  different  elements  it  contains,  Maas  considers  the 
inner  mass  as  forming  but  a  single  germinal  la/er,  and  as 
a  proof  of  this  he  points,  on  the  one  hand,  to  the  destination 
of  its  cells  in  the  adult  sponge,  and,  on  the  other,  to  its 
origin  from  a  uniform  mass  of  macromeres  in  the  embryo. 
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The  larva  is,  therefore,  to  be  considered  as  a  two-layered 
organism  from  an  embryological  point  of  view. 

The  layer  of  flagellated  cells  consists,  according  to  both 
authors,  of  |excessively  attenuated,  columnar  cells,  each 
bearing  a  flagellum.  The  body  of  the  cell  is  much  thinner 
than  the  nucleus,  so  that  for  the  sake  of  close  packing  the 
nuclei  of  this  layer  are  obliged  to  lie  at  different  levels, 
giving  at  first  sight  the  appearance  of  several  strata  of 
cells,  where  in  reality  there  is  only  a  single  layer.  The 
nuclei  are  placed  rather  far  from  the  outer  surface,  so  that 
the  entire  layer  of  flagellated  cells  presents  the  appearance 
of  an  inner  zone  made  up  of  closely -packed  nuclei,  four 
or  more  layers  deep,  and  an  outer  clear,  finely  striated 
zone,  the  striations  corresponding  to  the  outlines  of  the 
attenuated  cells.  Only  in  Spongilla  is  the  appearance 
somewhat  different,  since  here  the  flagellated  cells  are  not 
so  attenuated,  being  of  about  the  same  thickness  as  their 
nuclei,  soflhat  the  latter  form  a  single  stratum. 

The  accounts  of  Maas  and  Yves  Delage  differ  also  some¬ 
what  as  regards  the  relation  of  the  flagellated  layer  to  the 
inner  cell  mass.  According  to  the  former  author  the  fla¬ 
gellated  cells  'form  a  more  or  less  uniform  layer  covering 
the  inner  mass  either  completely  or  partially.  The  larva 
of  Axinella  is  remarkable  for  the  occurrence  of  peculiar 
gland-like  cells  placed  at  intervals  between  the  flagellated 
cells,  which  strongly  resemble  in  their  characters  the  cells 
of  the  inner  mass  ;  Esperia  also  has  peculiar  cells,  perhaps 
glandular,  at  the  anterior  end,  external  to  the  flagellated 
cells.  According ;  to  Delage,  on  the  other  hand,  the 
“  cellules  epidermiques  ”  are  entirely  internal  to  the  flagel¬ 
lated  cells  in  Spongilla ,  and  nowhere  exposed  on  the 
surface  ;  their  situation  is  similar  in  Aplysilla ,  except  that 
they  are  exposed  at  the  anterior  end,  where  the  inner  mass 
protrudes  ;  but  in  Esperia  and  Reniera ,  on  the  contrary, 
they  are  mixed  with  the  flagellated  cells,  “and  might  just 
as  well  be  said  to  be  external,  were  it  not  that  they  separate 
a  little  from  one  another  to  permit  the  necks,  with  the 
flagella,  of  the  ciliated  cells  to  pass  out  between  them,” 
while  at  the  hinder  end  they  are  exposed  and  form  part 


2l8 


SCIENCE  PROGRESS. 


of  the  surface.  Maas,  who  does  not  recognise  a  distinction 
between  the  cellules  epidermiques  and  the  other  differen¬ 
tiated  elements  of  the  inner  mass,  considers  that  what 
Delage  has  seen  between  the  flagellated  cells  are  glandular 
elements  similar  to  those  seen  by  him  in  Axinella. 

The  next  stage  in  the  life  history  is  the  fixation  of  the 
larva  and  its  metamorphosis  into  a  young  sponge.  The 
period  of  larval  life  is  usually  of  short  duration,  and  Maas 
lays  it  down  as  a  general  rule,  that  the  longer  fixation  is 
delayed,  the  more  likely  is  the  subsequent  development  to 
become  abnormal.  Few  organisms  are  so  delicate  or  so 
liable  to  abnormalities  as  sponge  larvae,  and  it  may  be  said 
that  unless  they  are  very  carefully  tended,  anomaly  becomes 
the  rule.  It  is  probably  owing  to  this  cause  that  the 
greatest  confusion  prevailed  among  earlier  investigators 
as  to  the  pole  of  fixation,  though  “the  general  statements 
are  in  favour  of  the  attachment  taking  place  by  the 

•  j  j 

posterior  extremity  where  the  granular  matter  projects 
(Balfour,  Comp.  Embryology).  On  this  point  the  state¬ 
ments  of  both  our  authors  show  a  pleasing  unanimity,  to 
the  effect  that  normally  fixation  always  takes  place  by 
the  anterior  pole,  i.e.,  by  the  pole  which  in  all  but  Aplysilla 
is  ciliated. 

With  regard  to  the  metamorphosis,  the  statements  of 
Maas  and  Delage  are  again  in  agreement  as  to  fundamental 
points,  though  differing  greatly  as  to  the  details  of  the 
process.  According  to  both  authors,  the  cell  layers  com¬ 
posing  the  larva  undergo  displacements  whereby  the 
ciliated  cells,  which  have  temporarily  lost  their  flagella, 
come  to  be  placed  in  the  interior  and  to  be  surrounded 
by  the  cells  of  what  was  formerly  the  inner  mass.  The 
whole  organism  becomes  very  much  flattened  and  spread 
out  after  fixation,  and  is  at  first  compact,  but  spaces  soon 
appear  in  the  parenchyma  to  form  the  canal  system,  round 
which  the  various  cells  group  themselves.  The  ciliated 
cells  give  rise  to  the  chambers  alone,  becoming  the  collar 
cells  ;  the  flattened  epithelium  lining  the  canals  and  cover¬ 
ing  the  outer  surface,  as  well  as  the  entire  mesoderm,  are 
derived  from  the  inner  mass  of  the  larva. 
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According  to  the  account  given  by  Maas,  the  process 
by  which  the  two  layers  of  the  larva  shift  their  position 
is  mainly  as  follows.  The  larva  fixes  by  the  anterior 
ciliated  pole  and  the  granular  cells  at  the  hinder  pole 
burst  out,  if  they  were  not  already  exposed  in  the  larva, 
and  grow  round  the  mass  of  ciliated  cells  by  a  kind  of 
epibole.  Especially  instructive  for  the  understanding  of 
this  process  is  a  figure  given  by  Maas  [(2)  pi.  xx.,  fig. 
19],  representing  a  section  of  a  larva  of  Clathma  coral- 
loides  preserved  a  few  minutes  after  fixation,  showing  the 
inner  mass  flowing  out,  as  it  were,  from  the  hinder  pole 
and  round  the  flagellated  cells.  As  a  result  the  cells  of 
the  inner  mass  come  to  completely  surround  the  flagel¬ 
lated  cells,  which  have  lost  their  flagella  and  form  a 
compact  mass  of  cells  in  the  interior  ;  just  as  do  the 
collar  cells  in  greatly  contracted  tubes  of  Ascetta  clathrus } 
Thus  the  two  layers  of  the  larva,  easily  distinguished  by 
the  smaller  and  more  brightly  staining  nuclei  of  the 
former  flagellated  cells,  have  become  exactly  reversed  in 
position.  A  period  of  apparent  rest  now  takes  place,  the 
larva  having  become  greatly  flattened,  with  an  actively 
amoeboid  margin.  During  this  period  an  interpenetration 
of  the  two  layers  is  taking  place  rapidly.  At  the  end 
of  this  period  the  larva  commences  ta  increase  slightly 
in  size,  owing  to  the  formation  of  cavities  in  the  in¬ 
terior.  Lacunae  arise  of  two  kinds  :  the  one,  the  future 
exhalant  canals,  appear  in  the  mass  of  cells  with  small 
nuclei,  the  former  flagellated  cells  ;  the  other,  the  future 
inhalant  canals,  arise  in  the  outer  parenchyma,  derived 
from  the  inner  mass  of  the  larva.  The  flagellated  cells 
arrange  themselves  in  little  groups  along  the  efferent 
lacunae,  each  group  becoming  a  chamber,  the  cells  regain¬ 
ing  their  flagella  and  forming  collars.  The  epithelium 
lining  the  efferent  canals  arises,  however,  from  cells  of 
the  inner  mass  of  the  larva,  and  is  not,  as  hitherto  sup- 

1  See  the  figures  given  by  v.  Lendenfeld  ( Zeitschr .  /.  wtss.  Zool. ,  bd. 
hii.,  pi.  ix.,  fig.  30)  and  myself  [Quart.  Journ.  Micr.  Sci.,  N.S.,  vol.  xxxiii., 
pb  xxix.,  fig.  14). 
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posed,  of  “  endodermal  ”  origin.1  The  flagellated  epithelium 
of  the  larva  is  entirely  used  up  in  forming  chambers. 
The  differentiated  cells  of  the  inner  mass  of  the  larva 
form  (i)  all  the  flattened  epithelium  of  the  adult  sponge, 
(2)  its  contractile  cells  and  sphincters,  (3)  the  connective 
tissue  elements  and  spongoblasts.  There  remain  only 
the  scleroblasts  and  the  amoeboid  and  sexual  cells,  the 
origin  of  which  from  the  inner  mass  we  have  already 
traced. 

The  canal  system  thus  formed  soon  acquires  a  com¬ 
munication  with  the  exterior  by  pores  and  an  osculum, 
and  the  organism  becomes  a  young  sponge.  It  is  inter¬ 
esting  that  both  our  authors  are  agreed  in  regarding  the 
pores  as  intracellular  ducts,  as  described  by  Bidder  and 
myself  in  Ascons. 

The  account  given  by  Yves  Delage  of  the  metamor¬ 
phosis  differs  from  that  of  Maas,  as  has  been  said,  with 
regard  to  the  details  of  the  process,  and  he  describes  a 
series  of  events  which  are  without  a  parallel  in  the  animal 
kingdom,  and  which  are  certainly  a  tax  upon  our  credulity. 
We  have  seen  that  he  describes  the  larva  as  consisting  of 
an  outer  layer  of  “  cellules  ciliees,”  with  beneath  this  a 
layer  of  “cellules  epidermiques,”  and  an  internal  nucleus 
of  “cellules  intermediates  ”  and  “  amoeboides,”  the  last- 
named  elements  being  marked  out  by  their  large  size, 
coarsely  granular  contents,  and  vesicular  nuclei.  At  the 
metamorphosis,  according  to  him,  the  epidermiques  come 
to  the  surface  and  form  a  layer  covering  the  ciliees,  this 
change  of  position  not  being  effected  by  any  process  of 
epibole  or  overgrowth,  but  by  each  epidermic  cell  struggling 
up  to  the  surface  independently  and  passing  between  the 
ciliated  cells  over  it,  which  separate  to  permit  of  its 
migration. 

At  the  same  time  a  most  extraordinary  process  is 
going  on.  The  large  amoeboid  cells  of  the  interior  send 

1  In  his  first  paper  (1)  Maas  regarded  the  epithelium  lining  the  exhalant 
canals  as  derived,  together  with  the  chambers,  from  the  ciliated  layer  of  the 
larva,  a  view  which  in  his  later  paper  (2)  he  abandons. 
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out  pseudopodia  towards  the  surface,  which  touch  the 
ciliated  cells.  The  latter  have  in  the  meanwhile  drawn 
in  their  flagella  and  become  rounded.  When  the  process 
of  an  amoeboid  cell  reaches  a  ciliated  cell  it  immediately 
seizes  it  and  devours  it,  after  the  manner  of  a  phagocyte. 
In  this  way  all  the  ciliees  in  Spongilla ,  and  the  greater 
number  of  them  in  Esperia  and  Reniera,  become  captured 
by  the  amoeboid  cells  and  carried  into  the  interior  of  the 
sponge.  When  full  fed,  so  to  speak,  the  amoeboid  cells 
retract  their  pseudopodia  and  become  rounded,  forming 
a  number  of  “  groupes  polynuclees  ”  in  the  interior  of 
the  larva.  Each  such  group  consists  of  a  central  vesicular 
nucleus,  that  of  the  amoeboid  cell,  and  round  this  a 
number  of  brightly  staining  small  nuclei,  derived  from 
the  ciliated  cells.  The  latter,  after  being  thus  engulfed, 
alter  in  appearance.  Their  protoplasm  forms  a  clear 
zone  round  the  nucleus,  but  is  often  indistinguishable. 
The  nucleus  contracts  become  opaque  and  uniform,  stains 
strongly  with  carmine,  and  has  the  appearance  of  a  simple 
granule.  In  fact  these  are  the  granulations  which  have 
been  mistaken  by  Maas  and  Gotte  for  yolk  granulations. 

We  now  have  the  larva  composed  of  cellules  epider- 
miques  externally  enclosing  a  parenchyma  of  interme- 
diaires  and  groupes  polynucleaires,  each  of  the  latter 
being  an  amoeboid  cell  which  has  devoured  a  number 
of  ciliees.  After  a  short  time  further  changes  go  on  in 
the  amoeboid  cells.  Their  captured  nuclei  begin  to  swell 
and  to  separate  one  from  another.  The  amoeboid  cell 
as  a  whole  begins  to  enlarge  itself  and  become  irregular 
in  form,  sending  out  lobes  which  fuse  with  the  similar 
lobes  of  adjacent  cells  to  form  a  vast  syncytial  network, 
in  the  meshes  of  which  are  the  cellules  intermediates 
of  the  larva.  Where  there  are  a  certain  number  of 
ciliees  not  captured  by  the  amoeboid  cells,  they  also 
take  a  part  in  this  syncytium.  Some  of  the  meshes  of 
the  syncytial  network  close  up,  others  expand  to  form 
lacunae,  the  future  canal  system.  The  captured  nuclei 
of  the  ciliees  travel  to  the  surface  of  the  amoeboid  cells, 
regain  their  former  appearance,  and  begin  to  arrange 
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themselves  in  hemispherical  groups,  which  become  the 
future  chambers.  The  cellules  intermediates,  which  we 
last  saw  in  the  meshes  of  the  syncytial  network,  begin 
to  flatten  and  arrange  themselves  round  the  exhalant 
lacunas  to  form  their  epithelium.  Those  of  the  inter¬ 
mediates  not  used  up  in  this  way  become  the  connective 
tissue  of  the  adult.  The  amoeboid  cells,  after  disgorging 
their  prey,  become  the  wandering  cells  of  the  adult. 
Occasionally,  however,  some  of  the  ciliated  cells  become 
actually  digested  when  engulfed  by  the  amoeboid  cells. 

The  above  assertions  of  Delage  with  regard  to  the 
process  of  metamorphosis  are  certainly  such  as  zoologists 
will  find  it  difficult  to  credit  without  very  strong  proofs  of 
their  correctness.  The  following  reasons  are  advanced 
by  him  in  support  of  his  statements  :  in  Spongilla ,  where 
this  process  of  cannibalistic  phagocytosis  is  most  complete, 
there  are  to  be  found  in  the  interior  of  the  sponge,  at  the 
commencement  of  the  second  day,  neither  chambers  nor 
free  cells  in  sufficient  number  to  give  rise  to  them.  Apart 
from  the  spicules  there  is  nothing  beneath  the  epidermis 
except  the  groupes  polynuclees  and  the  cellules  inter¬ 
mediates.  At  this  period  small  ceils  begin  to  appear,  at 
first  few,  but  soon  innumerable,  which  arrange  themselves 
to  form  the  chambers,  and  in  proportion  as  these  cells 
appear  the  granules  in  the  groupes  polynuclees  disappear. 
When  the  chambers  are  fully  formed  the  groupes  poly¬ 
nuclees  have  disappeared,  leaving  in  their  place  only  the 
amoeboid  cells.  “  There  is  thus  an  evident  correlation 
between  the  newly  appeared  cells  and  the  globules  of  the 
groupes  polynuclees.’’  If  these  globules  were  vitelline 
granules  they  should  gradually  diminish  and  disappear,  but, 
on  the  contrary,  at  the  moment  when  the  new  cells  appear 
the  globules  increase  in  size  and  separate  from  the  amoeboid 
cells. 

Moreover,  if  the  countless  cells  which  form  the  chambers 
do  not  come  from  these  globules,  they  should  be  derived 
from  pre-existent  elements,  either  from  the  amoeboid  cells 
or  the  intermediates,  which  one  would  expect  to  find  in 
active  division.  But,  as  a  matter  of  fact,  neither  the  one 


THE  EMBRYOLOGY  OF  THE  PORIFERA. 


223 


nor  the  other  divide  at  all  actively,  mitoses  or  dividing  nuclei 
being  of  exceptional  occurrence.  Finally,  Delage  admits, 
and  shows  plainly  in  his  figures,  that  the  globules  of  the 
groupes  polynuclees  are  very  different  from  the  nuclei  of  the 
free  ciliees  before  and  after  being  devoured  ;  and,  further, 
that  when,  as  in  Esperia ,  all  the  ciliees  are  not  devoured, 
their  nuclei  retain  their  normal  character  in  the  syncytium, 
while  they  appear  strongly  modified  in  the  amoeboid  cells. 
He  declares,  however,  that  he  has  found  every  transition 
between  the  opaque,  strongly  stained  globules,  and  the 
much  larger,  oval  nuclei  of  the  ciliees,  with  their  membrane 
and  granular  contents.  He  also  figures  pseudopodial  pro¬ 
cesses  of  the  amoeboid  cells  reaching  to,  and  apparently 
capturing,  cells  of  the  ciliated  layer. 

In  opposition  to  the  arguments  of  Delage,  Maas  urges 
that  Delage’s  methods  are  not  adequate  to  determine  the 
existence  of  such  a  process  of  phagocytosis,  since  he  has 
never  observed  it  directly,  but  only  inferred  its  occurrence 
from  a  comparison  of  sections.  In  objects  of  such  excessive 
minuteness  as  the  cells  of  the  larvae  of  siliceous  sponges 
it  is  often  impossible  to  make  out  clearly  whether  the  nuclei 
of  the  ciliees  be  in  or  on  the  amoeboid  cells.  Moreover, 
Maas  was  able  to  repeat  in  Esperia  the  observation  he 
formerly  made  in  Spongilla ,  namely,  that  after  double  stain¬ 
ing  with  borax  carmine  and  malachite  green,  the  latter 
stain  colours  the  granules  in  the  amoeboid  cells,  but  not  the 
nuclei  of  the  flagellated  cells.  Delage  does  not  seem  to 
have  succeeded  with  this  reaction.  Finally,  Maas  draws 
attention  to  the  difference  in  the  degree  to  which  this  pro¬ 
cess  is  described  as  occurring  in  different  species,  and  the 
fact  that,  according  to  Delage  himself,  a  number  of  free 
flagellated  cells  are  to  be  met  with  in  all  stages  of  the 
metamorphosis.  Maas  is  willing  to  admit  that  flagellated 
cells  may  occasionally  be  devoured  by  amoeboid  cells,  but 
regards  this  as  pathological. 

A  decision  on  this  question  can,  of  course,  only  be 
obtained  by  investigation  of  the  objects.  On  the  whole, 
however,  Delage’s  statements  with  regard  to  the  phago¬ 
cytosis  and  the  formation  of  the  syncytium  do  not  seem 
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to  be  beyond  all  doubt.  We  miss  in  all  his  figures  any 
indication  of  cell  outlines,  and  he  does  not  seem  to  have 
made  use  of  methods  calculated  to  show  them  up.  Had 
he  done  so  it  is  possible  that  his  groupes  polynuclees  might 
have  turned  out  to  be  only  ciliees  closely  packed  round 
granular  amoeboid  cells,  which  is  indeed  the  impression 
some  of  his  figures  give.  The  syncytium  formed  by  the 
undevoured  ciliees  seems  equally  doubtful.  Sections  of 
greatly  contracted  tubes  of  Ascettci  clathvus  prepared  by 
ordinary  methods  show  a  similar  closely  packed  mass  of 
cells,  without  apparent  cell  outlines,  in  the  interior.  There 
is  no  reason  to  suppose,  however,  that  cell  boundaries  are 
really  wanting,  for  each  cell  is  derived  from  a  single  collar 
cell,  and  becomes  such  again  when  the  sponge  expands  to 
its  normal  condition.  Moreover,  by  suitable  methods  of 
maceration  the  cells  in  this  apparent  syncytium  can  be 
isolated  from  one  another. 

The  researches  of  Maas  and  Delage,  complete  as  they 
are,  leave  many  interesting  questions  to  be  decided  by  future 
'investigators,  questions  upon  which  it  is  impossible  to  pro¬ 
nounce  more  than  an  opinion  meantime.  If  the  present 
writer,  after  having  been  an  eye-witness  of  Dr.  Maas  s 
investigations,  and  having  had  the  opportunity  of  studying 
his  preparations,  is  more  inclined  on  that  account,  as  well  as 
on  general  grounds,  to  take  Dr.  Maas  s  view  of  the  ques¬ 
tions  at  issue,  it  is  from  no  wish  to  detract  from  the  value 
of  the  beautiful  investigations  of  M.  Yves  Delage.  And, 
as  we  have  seen,  our  authors  are  entirely  agreed  upon  more 
fundamental  points,  so  that,  to  briefly  recapitulate,  we  may 
draw  up  the  following  typical  course  of  development  for  a 

siliceous  sponge. 

The  segmentation  is  unequal,  leading  to  the  formation 
of  micromeres  at  one  pole  and  macromeres,  containing  the 
yolk,  at  the  other.  Later  on  the  micromeres  are  found  more 
or  less  completely  surrounding  the  macromeres.  The  micro 
meres  become  a  ciliated  epithelium,  and  the  larva  is  hatched 
consisting  of  two  layers  :  ( i )  an  external  layer  of  flagellated 
cells,  (2)  an  inner  mass  of  various  kinds  of  granular  cells, 
which  are  either  completely  internal,  or  protrude  posteriorly, 
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rarely  anteriorly  as  in  Aplysilla.  The  larva  fixes  by  the 
anterior  pole,  and  the  granular  cells  come  to  surround  the 
flagellated  cells.  The  latter  give  rise  to  the  collar  cells  of 
the  adult,  while  the  granular  cells  form  (1)  all  the  flattened 
epithelium,  and  (2)  all  the  mesoderm,  so  called,  of  the  adult 
sponge. 

The  resemblance  of  this  type  of  development  to  that 
occurring  in  Sycon ,  with  its  amphiblastula  larva,  is  obvious. 
The  flagellated  cells  of  the  amphiblastula  correspond  in 
origin,  position,  and  destination  to  those  of  siliceous 
larvae.  The  granular  cells,  in  like  manner,  of  the  amphi¬ 
blastula.  are  homologous  with  the  inner  mass  of  the  siliceous 
larvae.  Delage  admits  that  the  cellules  intermediates 
and  amoeboides  of  his  larvae,  while  wanting  in  the  amphi¬ 
blastula  of  Sycon ,  “are  yet  potentially  contained  in  the 
granular  cells,”  which  he  regards  as  equivalent  to  the 
epidermiques.  “The  larva,”  he  says,  “of  Sycandra 
can  be  considered  as  a  larva  of  Esperia  or  Reniera 
reduced  to  the  cells  of  its  external  envelope,”  with  the 
epidermic  cells  confined  to  the  naked  pole.  This  homology 
between  the  granular  cells  of  Sycon  larvae,  and  the  whole 
inner  mass  of  the  siliceous  sponge  larva,  is,  as  Maas  points 
out,  an  additional  argument  for  regarding  the  latter  as  repre¬ 
senting  a  single  layer.  In  the  amphiblastula,  the  flagellated 
layer  is  less  strongly  developed,  and  does  not  enclose  the 
granular  cell  mass.  Not  only,  however,  do  variations  in 
this  respect  occur  in  siliceous  larvae,  but  the  existence  of 
a  so-called  pseudogastrula  stage  has  long  been  known  in 
Sycons,  in  which,  shortly  before  the  larva  leaves  the  mater¬ 
nal  tissues,  the  granular  cells  are  almost  entirely  surrounded 
by  the  flagellated  cells.  The  segmentation  of  the  ovum, 
the  embryonic  development  of  the  larva,  and  the  metamor¬ 
phosis  are  all  very  similar  in  the  two  larvae.  Delage 
points  out  that  the  invagination  of  Sycon ,  the  so-called 
amphigastrula,  and  the  penetration  of  the  flagellated  cells 
into  the  interior  in  siliceous  larvae  are  “two  phenomena 
.  .  .  of  fundamentally  the  same  order,”  but  this  is  even 
more  the  case  if  we  accept  Maas’s  account  of  the  metamor¬ 
phosis. 


226 


SCIENCE  PROGRESS. 


While  there  is  thus  a  close  agreement,  extending  even 
to  details,  between  the  life-histories  of  the  great  majority 
of  both  calcareous  and  siliceous  sponges,  the  development 
of  the  most  primitive  forms  in  the  two  groups  presents 
great  difficulties.  This  is  especially  the  case  in  the  Ascons, 
where,  on  account  of  the  primitive  nature  of  the  adult 
forms,  we  might  expect  to  find  an  equally  primitive  mode 
of  development,  which  would  furnish  the  key  to  that  occur¬ 
ring  in  other  sponges.  But  if  the  description  hitherto  given 
of  the  development  of  Ascetta  be  correct,  any  comparison 
with  the  larva  of  Sycon  or  of  Cornacuspongice  is  out  of  the 
question. 

According  to  the  accounts  of  Schmidt1  and  Metschni- 
koff,2  the  larva  of  Ascetta  is  hatched  as  an  oval  blastula 
composed  of  a  single  row  of  flagellated  cells  enclosing  a 
large  cavity.  The  cells  at  the  hinder  end  differ  in  some 
characters  from  the  remainder,  being  in  particular  more 
granular.  From  the  hinder  pole  an  immigration  of  cells 
goes  on  into  the  interior,  until  the  internal  cavity  becomes 
packed  with  large,  granular  cells,  with  nuclei  considerably 
larger  than  the  nuclei  of  the  ciliated  epithelium  covering 
them.  The  larva  thus  constituted  fixes,  by  which  pole 
is  not  certain,  and  the  covering  of  flagellated  cells  is  said 
to  furnish  the  flattened  ectoderm  of  the  adult,  while  the 
cells  of  the  internal  mass  form  the  collar-cell  layer. 

If  the  destination  of  the  two  cell  layers  of  the  larva 
of  Ascetta  be  really  as  described,  there  is  no  possibility 
of  comparing  it  with  the  amphiblastula,  or  with  the  larvae  of 
Cornacuspongice.  In  the  face,  however,  of  the  close  resem¬ 
blance  of  the  larva  of  Ascetta  just  before  fixation  and  the 
completely  ciliated  larvse  of  some  Covuacuspongicz ,  it  is 
difficult  to  escape  the  conviction  that  the  metamorphosis 
of  Ascetta  has  been  quite  wrongly  described.  In  both  larvse 
we  have  a  layer  of  finely  granular  flagellated  cells  sur 

1  Schmidt,  Das  Larvenstadium  von  Ascetta  primordialis  and  A. 
clathrus ,  Archiv  f.  tnikr.  A/iat.,  bd.  xiv.,  1877* 

2  Metschnikoff,  Spongiologische  Studicn,  Zxitschv.  f*  wiss.  Zool .,  bd. 
xxxii.,  1879. 
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rounding  an  inner  mass  of  coarsely  granular  cells  with 
large  nuclei.  It  seems  almost  impossible  to  believe  that 
the  flagellated  cells  in  the  larva  of  Ascetta  do  not,  as  in 
the  other  type,  become  converted  into  the  collar  cells  of 
the  adult.  Such  a  reversed  development  would  involve 
grave  morphological  difficulties,  and  there  are  in  addition 
histological  reasons  against  its  occurring.  In  the  adult 
Ascetta ,  as  in  other  sponges,  the  nuclei  of  the  collar  cells, 
are  the  smallest  in  the  sponge,  their  diameter  being  in  fact 
scarcely  half  that  of  the  ectoderm  cells.  In  the  flagellated 
cells  both  of  the  Ascetta  larva1 2  and  of  the  larva  of  Corna- 
cuspongice  the  nuclei  are  similarly  very  much  smaller  than 
those  of  the  inner  mass. 

What  in  all  probability  really  takes  place  in  the  develop¬ 
ment  of  Ascetta  is  that  the  larva  fixes  by  the  anterior  pole,, 
the  inner  mass  bursts  out  at  the  posterior  (upper)  surface, 
and  grows  round  the  flagellated  cells,  which  thus  come  tO' 
lie  internally,  just  as  they  do  in  Sycon  or  Espena r  This 
supposition  becomes  still  more  probable  if  Metschnikoff’s 
figures  be  carefully  studied  in  the  light  of  this  theory,, 
especially  figs.  13,  14,  15  of  his  tafel  xxiii.3 * * * * 8  These  three- 
figures  can  easily  be  interpreted,  as  Maas  has  pointed  out^ 
as  representing  the  bursting  out  of  the  inner  mass  (fig. 
14)  and  its  growth  round  the  flagellated  cells  (fig.  15). 

1  Compare  especially  the  figures  of  Schmidt,  loc.  cit .,  taf.  xv.  ;  figs.  5,, 
6  and  7. 

2  The  above  conclusions  were  arrived  at  by  me,  as  Maas  has  kindly 
stated  [(2),  p.  419,  footnote],  when  I  was  giving  a  course  of  lectures  on 
sponges  at  Oxford  in  1892.  At  that  time  only  Maas’s  work  on  Esperia 
{1)  and  the  two  preliminary  accounts  of  Delage  had  appeared  ( Comptes ■ 
Rendus,  cx.,  p.  654,  and  cxiii.,  pp.  267-269).  I  wrote  to  Dr.  Maas  and 
asked  him  his  opinion  on  the  subject,  and  in  his  answer  to  my  letter  he 
expressed  the  same  opinion  as  I  had  already  arrived  at,  and  which  he 

has  since  published.  Just  after  this  Delage’s  work  (1)  appeared,  stating- 
the  same  opinion  again.  M.  Delage  of  course  has  the  priority  in  the 

matter,  but  it  is  interesting  that  three  naturalists  in  three  different 

countries  should  have  simultaneously  and  independently  formed  the 

same  views  upon  this  subject.  It  will  be  still  more  interesting  when 

some  investigator  describes  how  Ascetta  really  does  develop. 

8  Loc.  cit. 
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Metschnikoff  interpreted  these  appearances  as  a  gradual 
flattening  of  the  flagellated  cells  to  form  the  outer  cell 
layer  of  the  adult.  A  precisely  analogous  misinterpretation 
of  such  appearances  was  made  by  Maas  himself,  who,  in  his 
former  work 1  on  the  development  of  Spongilla ,  described 
the  ciliated  cells  as  flattening  to  form  the  ectoderm  of  the 
adult,  though  he  now  recognises  that  the  appearances  seen 
were  due  to  the  cells  of  the  inner  mass  growing  over  the 
flagellated  cells.  Moreover,  O.  Schmidt,  in  deriving  the 
adult  ectoderm  of  Ascetta  from  the  flagellated  epithelium 
of  the  larva,  was  obliged  to  assume  a  fusion  of  several 
flagellated  cells  into  the  large  amoeboid  cells  of  the  young 
sponge,  which  is,  to  say  the  least,  improbable. 

For  all  these  reasons  we  are  justified  in  saying  that  the 
derivation  of  the  ectoderm  of  Ascetta  from  the  flagellated 
cells  of  its  larva  is  neither  proved,  as  a  matter  of  fact,  nor 
probable  in  theory,  since  only  on  the  contrary  supposition 
would  it  be  possible  to  compare  the  larva  of  Ascetta  with 
the  larva  of  Sycon  and  siliceous  sponges.  A  study  of  the 
literature  of  sponge  embryology  shows  that  nearly  all  investi¬ 
gators  have  been  dominated  by  the  idea  that  ciliated  cells 
in  the  larva  must  become  ectoderm  in  the  adult,  perhaps 
from  a  false  analogy  with  Coelenterate  development.  This 
superstition,  as  one  might  call  it,  was  first  overthrown  by 
Metschnikoff  and  Schulze  in  Sycon  twenty  years  ago  ;  it 
still  remained,  however,  to  confuse  sponge  embryology, 
until  Delage  and  Maas  showed  its  falsity  in  the  case  of 
siliceous  sponges.  It  now  remains  for  some  fortunate 
investigator  to  establish  the  origin  of  collar  cells  from 
flagellated  cells  in  the  larva  in  the  few  cases  where  asser¬ 
tions  to  the  contrary  still  hold  the  field. 

After  what  has  been  said  with  reference  to  Ascetta  it 
is  hardly  necessary  to  discuss  the  developments  of  Hali- 
sarca  and  Plakina ,  where  the  appearances  seen  seem  to 
have  been  similarly  misinterpreted.  The  development  of 
Oscarella ,  however,  requires  a  brief  discussion.  Here  the 
larva  is  hatched  as  an  oval  blastula  composed  of  a  single 


1  Op.  cit. 
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layer  of  columnar  flagellated  cells,  those  at  the  posterior 
end  being  broader,  more  granular,  and  with  larger  nuclei 
than  those  anteriorly.  After  a  short  time  one  pole  of  the 
larva  is  invaginated  into  the  other,  but  in  this  process  ab¬ 
normalities  are  frequent,  and  it  is  not  certain  which  method 
is  normal ;  H  eider 1  believes  that  normally  the  posterior  pole 
is  invaginated  into  the  anterior.  The  larva  fixes  by  the 
orifice  of  invagination,  and  the  invaginated  cells  become 
the  collar  cells. 

Delage’s  explanation  of  this  development  is  that  the 
cells  of  the  blastula  constitute  an  indifferent  layer,  con¬ 
taining  potentially  both  endoderm  and  ectoderm,  which 
only  become  differentiated  after  fixation. 

Maas,  on  the  other  hand,  regards  the  blastula,  so 
called,  of  Oscarella  as  really  equivalent  to  the  amphi- 
blastula  of  Sycon ,  the  hinder  granular  cells  of  the  former 
being  the  equivalent  of  the  granular  cells  of  the  latter, 
with  the  difference  that  the  granular  cells  of  Oscarella 
are  ciliated,  as  in  the  adult  ectoderm.  He  thinks  that 
normally  the  anterior  pole  of  the  larva  is  invaginated 
into  the  posterior,  a  process  strictly  comparable  to  the 
invagination  of  the  Sycon  larva  or  the  overgrowth  of  the 
flagellated  cells  in  siliceous  sponge  larvae.2 

Maas’s  view  seems  the  most  probable,  for  an  additional 
reason  which  both  he  and  Delage  have  overlooked.  In 
1884  Sollas3  published  a  memoir  on  the  development  of 
Oscarella ,  in  which  he  arrived  at  the  conclusion  that  the 
embryo  developed  into  a  young  sponge  before  leaving  the 
maternal  tissues,  a  conclusion  which  was  justly  set  aside 
and  reluted  by  H eider.  What  Sollas  really  did  show, 
however,  was  that  the  embryo  undergoes  a  distinct  inva¬ 
gination  before  leaving  the  mother  sponge,  an  invagination 

1  Zur  Metamorphose  der  Oscarella  lobularis.  Arbeiten  d.  Zeal.  Inst. 
Wien,  bd.  vi.,  1886. 

5 1  expressed  exactly  the  same  opinion  as  that  put  forth  here  in  my 
lectures  in  1892,  without,  however,  having  discussed  the  matter  at  all 
with  Dr.  Maas. 

3  Quart.  Journ.  Micr.  Science,  N.S.,  xxiv.,  603-621,  pi.  xxxvii. 
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which  we  may  compare  directly  with  the  so-called  pseudo- 
gastrula  of  Sycon.  If  this  comparison  be  valid,  then  the 
free-swimming  larva  is  not  to  be  regarded  as  a  blastula  ; 
this  stage  is  passed  over  in  the  maternal  tissues,  and  is  to 
be  seen  in  figs.  20 a  and  18  of  Sollas’s  plate  xxxvii.  The 
blastula  proper  is  followed  by  an  invagination,  as  we  see 
clearly  in  figs.  33,  34,  19,  27,  etc.,  in  spite  of  the  distortion 
that  Sollas’s  specimens  seem  to  have  undergone.  We  must 
next  suppose  that  at  the  time  of  leaving  the  mother  the  em¬ 
bryo  again  assumes  a  blastula  form,  just  as  is  known  to  occtir 
in  Sycon.  Then  the  free-swimming  larva  would  exactly 
represent  a  modified  amphiblastula.  Whether  these  assump¬ 
tions  are  justified  or  not,  it  is  at  least  clear  from  Sollas’s 
figures  that  an  invagination  does  go  on  in  the  maternal 
tissues. 

We  have  now  discussed  the  chief  types  of  sponge 
development,  and  starting  from  the  well-ascertained  facts 
of  the  development  most  usual  both  in  calcareous  and 
siliceous  sponges,  certain  assumptions  have  been  made 
with  regard  to  the  course  of  development  in  the  more 
primitive  forms,  such  as  the  A  scons,  Halisarca ,  Oscarella , 
and  Plakina.  How  far  can  we  now  construct  a  type  or 
fundamental  plan  of  development  for  sponges  in  general  ? 

Taking  into  consideration  all  the  modes  of  develop¬ 
ment  as  yet  known,  the  following  is  perhaps  the  most 
primitive  type.  The  egg  by  segmentation  gives  rise  to  a 
hollow  blastula  composed  of  a  single  row  of  flagellated 
cells,  which,  perhaps,  were  originally  all  alike,  but  in  all 
forms  known  to  us  differ  to  some  extent  at  the  two  poles, 
usually  markedly  so.  The  cells  of  the  hinder  pole  become 
displaced  into  the  interior,  by  immigration  ( Ascetta ),  invagi¬ 
nation  ( Oscarella )  or  epibole  [Sycon  and  siliceous  sponges 
generally).  We  now  have  a  two-layered  larva,  and  so  far 
the  development  does  not  differ  in  any  essential  point  from 
what  we  know  in  other  Metazoa,  but  events  which  now 
come  about  are  altogether  peculiar  to  sponges.  The  inner 
mass  bursts  out  and  envelops  the  flagellated  layer  which 
was  before  external  to  it.  This  is  the  so-called  amphi¬ 
blastula,  followed  by  the  amphigastrula  stage.  The 
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ciliated  cells  now  develop  into  the  collar  cells  of  the 
adult,  reverting  probably  to  their  primitive  condition  in 
the  blastula.  The  inner  mass  of  the  larva  becomes  the 
outer  layer  (ectomesoderm)  of  the  sponge.  Ascetta  is 
hatched  in  the  true  blastula  stage,  and  on  this  account, 
and  also  from  the  fact  that  its  inner  mass  arises  by 
immigration,  is  perhaps  more  primitive  in  its  mode  of 
development  than  any  other  form.  Spongilla  and  the 
horny  sponges  appear  to  be  set  free  when  the  inner  mass 
is  still  quite  internal ;  from  this  condition  we  find  tran¬ 
sitions  through  the  Halichondrina  to  a  complete  amphi- 
blastula  larva  as  in  Sycon  and  Oscarella.  No  sponge  is 
hatched  at  a  stage  later  than  this.1 

If  we  wish  to  compare  the  development  of  sponges 
with  that  of  other  animals,  and  to  discuss  their  relation 
to  the  germ-layer  theory  and  their  position  in  the  animal 
kingdom,  two  courses  are  open  to  us.  We  may  either 
(1)  start  from  a  comparison  of  an  adult  sponge,  such  as 
Ascetta ,  with  an  adult  Coelenterate,  such  as  Hydra ,  in 
which  case  we  should  term  the  ciliated  layer  endoderm, 
the  outer  layer  ectoderm;  or  we  may  (2)  compare  the 
typical  life-histories  of  a  sponge  and  a  Coelenterate,  and 
then  we  should  term  the  ciliated  layer  of  the  sponge  larva 
ectoderm ,  its  inner  mass  endoderm.  The  former  view  was 
Schulze’s,  the  latter  Balfour’s. 

Maas  is  of  opinion  that,  if  the  germ  layers  of  sponges 
and  other  Metazoa  are  to  be  compared  at  all,  the  ciliated 
cells  of  the  larva  are  ectoderm,  the  inner  mass  endoderm. 
Only  in  this  way  is  an  explanation  possible  for  the 
unequal  segmentation  and  the  invagination  of  the  macro- 
meres  into  the  micromeres,  i.e.,  the  wrongly  termed 
pseudogastrulation.  If  the  opposite  view  be  taken,  not 
only  does  the  pseudogastrula  remain  inexplicable,  but  the 
displacement  of  the  ciliated  cells  into  the  former  inner 


1  Cliona ,  the  boring  sponge,  extrudes  its  ova,  which  develop  outside 
the  sponge,  but  in  other  respects  the  development  appears  to  be  similar  to 
that  of  Cornacuspongice.  The  larva  is  completely  ciliated.  See  Nassonow, 
Zeitschr.  f.  miss.  Zool. ,  bd.  xxxix.,  1883,  pp.  298,  299. 
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mass  must  be  regarded  as  the  true  gastrulation.  A  pro¬ 
cess  can,  however,  hardly  be  termed  gastrulation  when  the 
preceding  stage  is  a  solid  larva,  as  in  siliceous  sponges, 
and  when  the  future  “ectoderm”  is  entirely  internal. 
An  ectoderm  containing  the  yolk  and  lying  internally  to 
the  endoderm  is  a  paradox. 

Maas  considers  the  sponges  true  Metazoa  on  account 
of  their  reproduction  by  ova  and  spermatozoa  and  the 
differentiation  of  their  tissues.  They  are  derived  from 
two-layered  ancestors,  of  which  the  two  layers  are  com¬ 
parable  to  the  ectoderm  and  endoderm  of  other  Metazoa. 
The  difficult  thing  to  explain,  from  a  phylogenetic  point 
of  view,  is  the  complete  reversal  in  position  which  their 
layers  have  undergone.  This  must  have  been  in  some  way 
the  result  of  a  change  in  their  mode  of  nutrition,  whereby 
the  flagellated  ectodermal  cells  retained  their  structure,  but 
changed  their  place  and  became  carried  into  the  interior  to 
become  the  collar  cells  of  the  sponge.  Sponges  are  in  no 
case  to  be  ranked  with  Coelenterates,  since  their  inner  and 
outer  layers  are  not -homologous  with  the  corresponding 
layers  of  Coelenterates,  and  their  canal  system  is  of  abso¬ 
lutely  different  origin. 

Delage,  on  the  other  hand,  regards  the  sponges  as 
descended  from  a  colony  of  Protozoa,  represented  by  the 
blastula  in  ontogeny.  They  are  descended  from  the 
Protozoa  entirely  independently  of  other  Metazoa,  and  their 
layers  are  not  to  be  compared  with  the  germ  layers  of 
Metazoa.  They  show  a  progressive  differentiation  of  their 
tissues,  which,  however,  does  not  take  place  in  the  sense 
of  a  germ-layer  formation  as  in  higher  animals,  but  by 
means  of  division  of  labour  among  the  cells  of  the  colony, 
so  that  some  become  epithelial,  others  skeletal,  and  so 
forth. 

These,  however,  are  questions  upon  which  at  present, 
at  any  rate,  no  final  decision  is  possible,  nor  need  one  be 
attempted  here. 
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E.  A.  Minchin. 


SOME  ASPECTS  OF  THE  IMMUNITY 

QUESTION. 


IT  is  well  known  that  the  refractary  state  of  an  organism 
to  diseases  produced  by  bacteria  or  by  toxines  may  be 
either  absolute  or  relative,  further,  the  conception  of  im¬ 
munity  may  include  the  whole  organism  or  certain  of  its 
constituent  tissues  and  organs,  and  finally,  the  immune  con¬ 
dition  may  be  natural  or  acquired.  It  is  in  connection  with 
acquired  immunity  that  such  an  enormous  literature  has 
accumulated  since  1887.  Previous  to  this  date  the  methods 
employed  to  confer  immunity  consisted  either  in  the  inocula¬ 
tion  of  specific  virus,  in  the  preventive  inoculation  of  specific 
micro-organisms  which  were  artificially  attenuated  by  the 
action  of  heat,  compressed  air  or  carbolic  acid,  as  was  prac¬ 
tised  by  Pasteur,  Toussaint,  Chauveau,  Arloing,  Cornevin 
and  Thomas,  or  in  the  inoculation  of  absolutely  inoffensive 
bacteria  which  had  lost  their  pathogenic  property,  a  method 
employed  by  Chauveau  for  anthrax  and  Hiippe  for  chicken 
cholera. 

The  preventive  injection  of  sterile  filtered  cultures  of 
pathogenic  bacteria  marked  an  important  advance  in  methods 
for  producing  immunity  ;  and  this  was  definitely  demon¬ 
strated  about  seven  years  ago  by  the  researches  of  Salmon 
and  Smith  (1)  on  hog  cholera.  In  this  country  Wooldridge 
(2)  succeeded  in  protecting  rabbits  against  anthrax  by  the 
injection  of  filtered  cultures  obtained  from  a  growth  of 
bacillus  anthracis  on  a  proteid  (a  nucleo-albumin)  prepared 
from  the  testis  and  thymus  gland,  a  substance  which  has  no 
protective  action  before  multiplication  of  the  bacilli.  His 
experiments  have  been  verified  (3),  and  around  this  fertile 
discovery  considerable  discussion  has  arisen.  In  the  suc¬ 
ceeding  year,  the  bactericidal  action  of  blood  or  serum  was 
discovered  by  Nuttall  (4)  and  confirmed  by  many  observers. 
The  advance  in  the  study  of  immunity  made  by  Wooldridge 
may  be  gathered  from  his  own  words;  as  his  discovery  was 
made  at  a  time  “  when  the  few  cases  in  which  protection 
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against  zymotic  disease  had  been  found  to  be  possible,  this 
had  been  effected  by  the  communication  to  an  animal  of  a 
modified  form  of  the  disease  against  which  protection  was 
sought 

Since  natural  and  acquired  immunity  are  possibly  differ¬ 
ent  in  principle  and  even  dependent  upon  various  causes, 
many  conceptions  have  arisen  as  to  the  origin  of  this  con¬ 
dition,  which  subsequent  investigation  has  not  verified  so 
as  to  remove  the  ideas  from  the  position  of  hypotheses. 
The  immune  condition  has  been  considered  to  be  related  to 
the  exhaustion  or  lack  of  suitable  material  on  which  the 
micro-organisms  of  infective  disease  could  thrive.  General 
or  local  modifications  in  the  metabolic  activity  of  the  cells  of 
the  organism  have  also  been  held  to  be  the  cause  of  immunity. 
This  has  found  its  maximum  development  in  the  idea  of 
phagocytism,  where  not  only  leucocytes  (Metschnikoff,  1883) 
but  the  cells  of  the  fixed  elements  of  connective  tissues 
play  an  important  role  by  the  inception  and  subsequent  de¬ 
struction  by  chemical  means  of  specific  pathogenic  germs. 
Criticism  of  the  phagocyte  theory  in  Germany  led  to  the 
discovery  of  the  bactericidal  action  of  blood  and  serum, 
while  the  possession  of  antitoxic  properties  by  the  body 
fluids  of  animals  rendered  artificially  immune  against 
tetanus  or  diphtheria,  supported  the  theory  that  definite  anti¬ 
bacterial,  or  antitoxic  substances,  are  present  in  the  immune 
organism.  The  work  of  Buchner  (5)  and  Hankin  (6)  falls 
in  this  period,  and  the  latter  was  successful  in  isolating  a 
bacteria-killing  globulin.  In  his  own  words:  “Immunity, 
whether  natural  or  acquired,  is  due  to  the  presence  of 
substances,  which  are  formed  by  the  metabolism  of  the 
animals  rather  than  by  that  of  the  microbe,  and  these 
possess  the  power  of  destroying  either  the  microbe  against 
which  immunity  is  possessed,  or  the  products  on  which 
their  pathogenic  action  depends”  (7).  Buchner  has  re¬ 
defined  his  attitude  on  this  question  quite  recently,  and, 
while  criticising  the  work  of  Behring,  the  real  founder  of 
the  hypothesis  that  immunity  was  due  to  the  antitoxic 
property  of  blood  towards  the  toxines  of  tetanus  and 
diphtheria,  maintains  that  neither  m  vitro  nor  within  the 
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body  is  the  toxine  of  tetanus  destroyed  by  the  anti- 
toxine  of  the  blood  or  serum.  These  bodies  re-act  only  by 
the  mediation  of  the  organisation  of  the  body.  The  term 
antitoxine  is  a  misnomer,  since  it  is  a  substance  which  only 
under  certain  circumstances  confers  immunity,  and  this  it 
can  only  effect  when  actively  operative  within  the  or¬ 
ganism  (8).  It  is  not  necessary  here  to  discuss  either  this 
view  or  the  one  that  is  opposed  to  it,  which,  while  not 
denying  that  there  may  be  methods  of  protection  other 
than  phagocytosis,  affirms  that  the  part  played  by  phago¬ 
cytic  action  is  of  all  these  the  most  widely  spread  and  the 
most  efficacious.  The  part  played  by  eosinophile  cells  in 
the  acute  leucocytosis,  which  occurs  at  the  seat  of  inocula¬ 
tion  of  micro-organisms,  has  been  pointed  out  by  researches 
in  this  country.  When  we  consider  the  conflicting  views  as 
to  the  origin  of  the  immune  condition,  the  various  grades 
of  this,  the  distinction  between  the  really  immune  condition 
where  a  pathogenic  organism  cannot  multiply  within  the 
body,  and  the  toxine-resistant  state  where  the  animal 
experimented  upon  is  not  invaded  by  micro-organisms  and 
is  at  the  same  time  refractary  to  the  toxines  these  pro¬ 
duce  (9)  ;  the  distinction  between  passive  and  active  im¬ 
munity,  drawn  by  Ehrlich ;  the  temporary  duration  of 
artificial  immunity,  and  the  impossibility  of  employing  any 
test  other  than  a  physiological  one  for  determining  the 
variability  of  the  refractary  state,  it  becomes  abundantly 
evident  from  the  complexity  of  the  subject  that  no  absolute 
statement  as  to  the  origin  of  immunity  is  possible,  and, 
further,  statements  relative  to  the  behaviour  of  any  specific 
pathogenic  microbe  within  the  body  can  only  be  employed 
with  limitations  when  considering  the  mode  of  action  of 
any  other  micro-organism. 

A  measure  of  experimental  immunity  or  degree  of  toxine- 
resistance  can  be  mathematically  obtained  by  Ehrlich’s 
method  (10),  where  any  grade  of  resistance  is  expressed  by 
a  number  which  gives  the  multiple  of  the  lethal  dose  for 
normal  individuals  of  equal  weight,  which  the  tested  animal 
can  withstand  without  death.  The  method  of  Behring  and 
Wernicke  (11)  also  indicates  the  degree  of  immunity  by  a 
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number  which  shows  how  many  grammes  of  experimental 
animal  one  gramme  of  protective  serum  will  protect  against 
a  certain  lethal  dose  twenty-four  hours  after  the  introduction 
of  serum,  since  injection  of  this  does  not  immediately  yield 
its  full  protective  value  (12). 

Natural  immunity  undoubtedly  is  not  dependent  upon  any 
single  cause.  It  is  well  known  that  living  vegetable  tissues, 
such  as  the  fruits  and  tubers  of  certain  plants,  most  of  which 
have  an  acid  reaction,  are  free  from  bacterial  growth. 
Warm-blooded  animals  are  normally  refractary  to  sapro¬ 
phytic  and  putrefactive  micro-organisms,  which  flourish 
readily  on  dead  tissues,  and  a  natural  immunity  to  the 
infective  pathogenic  bacteria  of  warm-blooded  animals  is 
enjoyed  by  most  poikilothermous  animals.  This  natural 
immunity  can,  however,  be  broken  down.  Frogs  and  lizards 
are  refractary  to  anthrax,  but  as  was  shown  by  Gibier 
(13)  and  Metschnikoff  (14)  become  susceptible  when  main¬ 
tained  at  a  temperature  above  2  5°C.,  and  it  has  been 
recently  observed  that  a  frog  when  warmed  to  2  5°C.  loses 
its  immunity  if  suddenly  changed  from  a  medium  of  150  to 
one  of  2 5°,  though  on  gradual  transition  from  120  to  250  the 
immune  condition  is  preserved  (15).  Under  certain  circum¬ 
stances  animals  naturally  immune  against  definite  micro¬ 
organisms  become  invaded  by  these  when  the  blood 
corpuscles  are  destroyed  in  quantity  by  such  drugs  as 
pyrogallic  acid  or  acetyl-phenyl-hydrazin,  and  under  these 
conditions  pathogenic  germs  which  locally  affect  the  or¬ 
ganism  are  capable  of  spreading  throughout  the  whole 
body  (16).  The  introduction  of  the  blood  serum  of  one 
animal  into  the  veins  of  another,  the  dog  into  the  rabbit, 
would  also  produce  the  same  effect.  The  researches  of  Leo 
(17)  are  well  known.  He  attempted  to  break  down  the 
immunity  which  white  mice  present  to  the  infection  of 
glanders  by  treating  these  with  doses  of  phloridzin,  a 
drug  which  produces  physiological  diabetes.  This  disease, 
like  carcimoma  and  chlorosis,  is  accompanied  with  wasting, 
though  the  subjects  of  the  latter  diseases  are  by  no  means 
so  liable  to  the  invasion  of  micro-organisms  as  are  dia¬ 
betics.  Groups  of  animals  were  treated  with  phloridzin 
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alone,  with  inoculations  of  either  bacillus  anthracis,  bacillus 
tuberculosis,  or  bacillus  mallei,  and  thirdly  with  doses  of 
phloridzin  and  inoculations  of  these  bacilli.  The  experi¬ 
ments  with  anthrax  and  tubercle  were  negative ;  but  of 
white  mice  treated  with  phloridzin  by  the  mouth  and 
intraperitoneal  injections  of  bacillus  mallei  forty-seven  out 
of  forty-nine  individuals  died  within  three  to  nine  days,  and 
among  forty-eight  mice  treated  with  phloridzin  alone,  none 
succumbed.  The  conclusions  drawn  from  these  experiments 
are  that  the  blood  of  white  mice  contains  a  bactericidal 
substance  and  this  power  is  injured  by  the  presence  of 
sugar  or  of  phloridzin  in  the  blood.  Charrin  and  Roger  ( 1 8)„ 
working  on  the  well-known  immunity  presented  by  rats  to 
anthrax,  have  also  shown  that  fatigue  is  capable  of  inducing 
susceptibility.  Like  fatigue,  currents  of  cold  air  will  pro¬ 
foundly  affect  the  metabolism  of  the  body  (19),  and  in  the 
case  of  rabbits  and  guinea-pigs  these  agents  increased  the 
natural  susceptibility  to  anthrax.  Feeding  these  animals  on 
liquid  food  also  augmented  their  susceptibility  (20).  The 
normal  resistance  of  rats  to  anthrax  is  stated  by  Feser  to 
be  considerably  weakened  when  these  animals  are  fed  on 
a  vegetarian  diet,  and  Hankin  (21)  has  confirmed  these 
results,  using  groups  of  animals  which  fed  on  meat  and 
bread,  and  on  bread  alone;  in  the  latter  case  the  susceptibility 
was  induced  and  the  spleens  of  these  animals  contained 
only  traces  of  defensive  proteid,  while  the  spleens  of  the 
first  group  yielded  abundance  of  this  substance. 

The  necessity  of  the  vital  concurrence  of  micro-organisms 
for  the  production  of  infective  diseases  has  long  been  a  theo¬ 
retical  conception,  and  with  regard  to  the  infection  by  bacil¬ 
lus  maligni  cedematis  and  bacillus  tetani  this  appears  to  be 
verified.  It  has  been  shown  that  the  pathogenic  properties 
of  the  former  are  not  marked,  owing  to  non-development, 
unless  some  of  the  culture  material  is  also  introduced,  or  if 
there  is  an  admixture  of  the  proteus  vulgaris  or  micro¬ 
coccus  prodigiosus.  Under  these  circumstances  both  the 
non-pathogenic  and  pathogenic  microbes  develop,  and  an 
active  infection  with  characteristic  symptoms  of  oedema  and 
gas  formation  at  the  place  of  injection  occurs.  Further,  . 
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although  an  exquisitely  anaerobic  germ,  the  bacillus  maligni 
cedematis  grows  excellently  and  maintains  its  virulence  upon 
agar  or  gelatine  when  the  above-named  micro-organisms 
are  associated  with  it  (22).  These  results  confirm  in  every 
respect  the  earlier  observations  of  Roger  (23).  That 
rodents  possess  an  immunity  against  the  inoculation  of 
young  cultures  of  tetanus  bacilli  or  the  spores  has  been 
established  by  Vaillard  and  Vincent  (24),  who  have  shown 
that  neither  the  bacilli  nor  the  spores  develop  when  these 
alone  are  introduced  into  the  system.  By  using  young 
toxine-free  bacilli,  or  by  employing  spores  absolutely  freed 
from  toxine,  either  by  warming  at  65°  for  twenty  minutes, 
or  by  repeated  washing  with  water,  it  was  found  that,  owing 
to  non-development  within  the  organism,  the  effect  of  in¬ 
jecting  even  1  c.cm.  of  spore  culture  was  inoperative,  in  other 
words  the  tissues  were  exceedingly  resistant  to  the  microbes, 
or,  at  any  rate,  offered  an  unfavourable  soil.  This  inocula¬ 
tion  could,  however,  be  rendered  successful  if  a  trace  of  lactic 
acid  or  trimethylamin,  or  a  non-pathogenic  micro-organism, 
such  as  bacillus  prodigiosus,  was  simultaneously  injected. 
The  natural  tetanus  inoculation  accordingly  cannot  occur 
without  the  association  of  other  bacteria;  these  play  the  part 
of  the  toxine,  which  is  generally  introduced  with  the  patho¬ 
genic  bacilli,  and  this  is  decisive  as  to  the  results  of  injection. 
This  multiplication  easily  occurs  in  a  suppurative  wound, 
where  a  local  destruction  of  tissue  is  taking  place.  This 
symbiotic  life  of  the  tetanus  bacilli  is,  however,  not  supported 
by  other  observers  (25),  but  a  renewed  study  of  this  question 
enables  Vaillard  (26)  to  maintain  his  former  position.  Among 
the  recent  literature  dealing  with  Pfeiffer’s  influenza  bacillus 
it  has  been  pointed  out  by  Weichselbaum  (27)  that  the  organ¬ 
ism  attacked  by  influenza  becomes  exceedingly  favourable 
for  the  development  of  the  diploococcus  pneumonise,  and 
even  in  typical  uncomplicated  cases  this  latter  micro-organ¬ 
ism  is  frequently  observed. 

Defensive  proteids  or  alexines  have  been  isolated  from 
the  spleen  and  lymphatic  glands  by  Hankin,  and  from  the 
blood  serum  by  Ogata,  Tizzoni  and  Cattani,  and  it  has  been 
believed  that  the  immune  condition  may  be  related  to  the 
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function  of  some  of  these  organs.  After  extirpation  of  the 
spleen  the  latter  observers  (28)  have  found  that  rabbits 
cannot  be  rendered  refractary  to  tetanus  by  the  introduction 
of  the  serum  of  an  immune  animal.  The  part  played  by  the 
spleen  might  therefore  be  due  to  the  fact  that  this  organ  either 
produced  a  protective  substance  from  the  injected  serum,  or 
rendered  the  toxic  bacterial  products  innocuous.  A  con¬ 
tinuation  of  this  research  (29)  however  seems  to  show  that 
the  spleen  plays  no  direct  part  in  the  production  of  immunity, 
and  that  if  there  is  a  specific  protective  substance  it  is  not 
existent  in  this  organ.  Experiments  have  also  shown  that 
removal  of  this  organ  either  before  or  after  protective  inocu¬ 
lation  has  no  influence  whatever  on  the  acquired  immunity 
of  rabbits  against  the  bacillus  pyocyaneus  (30).  The  most 
recent  work  bearing  upon  this  question  is  that  of  Benario 
(31).  This  observer  removed  the  spleens  of  rabbits  and 
mice  and  then  succeeded  in  rendering  these  animals  immune 
to  tetanus  or  to  a  lethal  dose  of  ricin  or  to  infective  bacilli. 
Since  extirpation  of  this  organ  has  no  influence  whatever  on 
the  production  of  acquired  immunity  against  an  intoxication, 
a  vegetable  toxalbumin  or  an  acute  infective  disease,  the 
view  that  the  refractary  state  is  connected  with  the  function 
of  this  gland  can  no  longer  be  sustained. 

The  thyroid,  thymus  and  lymph  glands  have  also 
been  regarded  as  an  apparatus  (33)  where  the  various 
intermediate  products  which  are  assumed  to  be  formed  by 
the  normal  destruction  of  proteids  within  the  circulation  are 
rendered  harmless.  This  view  corresponds  to  some  extent 
with  the  antitoxic  function,  which  was  at  one  time  ascribed 
to  the  liver  by  Schiff.  To  test  the  part  played  by  these 
organs  experiments  have  been  made  upon  extract  of  thymus 
gland  (33),  an  organ  which  may  be  regarded  as  a  mass  of 
phagocytes.  The  bacilli  of  tetanus,  cholera,  diphtheria,  ty¬ 
phus,  erysipelas,  anthrax  and  hog-erysipelas  were  grown  either 
upon  sterile  aqueous  thymus  extract  or  upon  thymus  bouil¬ 
lon.  The  material  of  the  thymus  cells  has  been  found  to 
act  in  the  reduction  of  the  toxic  properties  of  cultures  of 
these  bacilli,  and  further,  by  the  action  of  thymus  material 
on  bacterial  cultures  products  were  obtained,  which  with 
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certainty  protected  100  per  cent,  of  the  experimental 
animals,  and  the  degree  of  toxine  resistance  could,  when 
contrasted  with  the  uninoculated  animal,  be  expressed  as 
1000.  No  other  means  of  protective  inoculation  appears 
so  efficacious  as  this,  since  the  most  sensitive  animals  are 
rendered  immune. 

The  question  of  inherited  immunity  has  been  the  subject 
of  much  recent  research.  Doubtless  at  the  present  time  the 
comparative  immunity  enjoyed  by  white  races  to  certain  in¬ 
fective  diseases  is  probably  to  some  extent  due  to  inheritance, 
and  this  may  be  transferred  either  by  the  germ-cell  or  by  the 
mother  to  the  foetus.  The  natural  immunity  which  Algerian 
sheep  possess  against  anthrax  was  shown  by  Chauveau  (34) 
to  be  truly  inherited  and  held  by  him  to  be  due  to  the 
exceeding  solubility  of  protective  substances  which  were 
transferred  to  the  foetus.  However,  the  rat  when  adult  is 
exceedingly  refractary  to  anthrax  and  other  bacterial 
diseases,  while  young  rats  are  susceptible.  Fowls  and 
pigeons  are  immune  to  tetanus  and  to  anthrax,  and  Lazarus 
and  Weyl  (35)  hold  that  this  condition  is  inherited  and  not 
acquired,  since  after  twenty-four  hours  of  extra-ovular  life 
chickens  are  found  to  be  immune  to  the  latter  disease. 
The  case  is  quite  different  with  pigeons ;  the  immunity 
is  relative  and  not  absolute  as  regards  anthrax.  The 
bacilli  of  this  disease  live  in  the  tissues  of  these  animals 
for  as  long  as  eight  days  (36),  and  while  there  increase  in 
virulence,  but  adult  birds  do  not  succumb,  while  young 
pigeons  can  be  easily  inoculated  (37).  Even  though  living 
bacilli  exist  in  the  system  they  do  not  multiply,  neither  do 
the  spores  develop,  and  therefore  in  immune  pigeons  a 
bactericidal  liquid  cannot  be  the  cause  of  the  immunity. 

The  subject  of  inherited  immunity  has  been  dealt  with  by 
Ehrlich  in  several  papers,  in  the  earliest  (38)  of  which  a  de¬ 
tailed  account  of  his  observations  on  ricin,  abrin  and  robin  is 
given.  These  bodies  he  regards  as  the  toxalbumins  of  the 
seeds  of  Ricinus  communis  and  Abrus  precatomus,  though 
S.  Martin  (39)  has  shown  that  the  abrin  isolated  from 
jequirity  seeds  by  Warden  and  Waddell  (40)  is  a  mixture 
of  at  least  two  proteids,  a  paraglobulin  and  a  phyto- 
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albumose.  He  found  that  these  bodies,  as  Stillmark  (41) 
had  shown  was  the  case  with  ricin,  possessed  marked 
toxic  properties  which  were  wholly  destroyed  by  boiling  ; 
the  introduction  of  ricin  by  intravenous  injection  pro¬ 
duces  multiple  thrombi,  due  to  the  clinging  together  of 
red  blood  corpuscles.  By  feeding  mice  with  biscuits,  to 
which  ricin  is  added  in  known  quantities,  after  a  certain 
time,  from  one  to  two  weeks,  a  condition  of  immunity 
to  ricin  injection  is  established,  and  this  lasts  for  six  to 
seven  months.  He  further  estimates  the  grade  of  immunity 
which  is  reached,  by  calculating  that  if  1  c.c.  of  a  solution, 

1  :  200,000  per  20  grammes  body  weight  is  the  lethal  dose 
of  ricin,  then  if  the  animal  withstands  1  c.c.  of  1  :  500,  then 
its  immunity  grade  would  be  400.  In  the  blood  of  animals 
treated  in  this  way  and  which  are  immune,  or  rather  toxine- 
resistant,  a  body  termed  anti-ricin  is  present,  and  by  the  in¬ 
troduction  of  the  serum  of  ricin-immune  animals  into  others 
a  relative  degree  of  immunity  is  conferred.  For  robin  (a  tox- 
albumin  from  the  bark  of  the  acacia)  the  same  statement  holds 
o-ood,  and  also  for  abrin  ;  but  the  anti-bodies  of  any  one  will 
not  annul  a  lethal  dose  of  any  of  the  other  toxic  bodies.  A 
solution  of  abrin  1  :  100,000  is  fatal  for  mice  when  1  c.cm. 
per  20  grammes  body  weight  is  injected.  By  feeding  with 
gradually  increasing  quantities  of  abrin  these  animals  be¬ 
come  highly  immune,  and  this  immunity  can  be  inherited  by 
the  offspring.  This  condition  might  be  due  either  to  heredity 
in  the  ontogenetic  sense  or  by  the  influence  of  hypothetical 
immunity-conferring  bodies  yielded  by  the  mother  directly 
to  the  foetus.  In  attempting  to  decide  this  matter  it  was 
shown  by  Ehrlich  that  the  progeny  of  highly  immune 
fathers  and  normal  mothers  showed  no  immunity,  but  were 
actually  rather  more  sensitive  than  control  animals,  and 
therefore  an  idioplasm  of  the  sperm  is  not  capable  of 
causing  a  transference  of  immunity,  and,  indeed,  since  the 
immunity  was  acquired,  this  result  was  to  be  expected. 
With  immune  mothers  and  susceptible  fathers  positive 
results  were  obtained,  for  as  long  as  a  month  after  birth 
a  well-marked  resistance  to  many  times  the  lethal  dose  of 
abrin  was  evident.  This  resistance  gradually  diminishes 
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and  by  the  commencement  of  the  third  month  has  disap¬ 
peared,  the  protective  substance  no  longer  exists  in  the 
organism,  and  obviously  this  has  been  derived  from  anti¬ 
bodies  of  the  mother.  By  pairing  the  offspring  of  parents 
which  were  resistant  to  abrin  the  succeeding  oreneration 
was  found  to  be  as  susceptible  as  normal  animals,  and 
therefore  the  ovum  possesses  no  idioplasm  capable  of  effect¬ 
ing  a  true  heredity  of  the  acquired  immune  condition. 
Apparently  foetal  immunity  is  an  accepted  fact  for 
certain  diseases  and  certain  animals  ;  but  though  this  may 
play  some  part,  Ehrlich’s  further  observations  showed  that 
the  protective,  or  anti-bodies,  which  are  concerned  in  con¬ 
ferring  immunity,  are  transferred  by  the  milk.  The  passage 
into  milk  of  drugs,  such  as  iron  (42),  iodide  of  potassium, 
or  garlic,  is  well  established,  and  further,  this  fluid  may 
not  only  contain  micro-organisms  which  are  pathogenic 1  or 
harmless  (43),  but,  as  Ketscher  (44)  has  shown,  goats  pro¬ 
tected  against  cholera  yield  milk  which  behaves  like  the 
serum  of  immune  animals,  since  this  fluid  can  render 
guinea-pigs  refractary  to  a  lethal  injection  of  cholera 
bacteria,  and  this  protective  power  was  exerted  when  the 
protective  material  and  cholera  poison  were  introduced 
into  different  parts  of  the  body  ;  lastly,  if  the  intoxication  of 
cholera  is  already  produced  the  milk  possesses  the  power 
of  abolishing  this  and  curing  the  disease. 

This  important  discovery  of  lactation  immunity  was 
conclusively  proved  by  the  susceptibility  shown  by  the 
offspring  of  highly  immune  mothers  which  were  suckled  by 
a  normal  nurse  and  the  immunity  which  followed  when, 
conversely,  offspring  of  susceptible  mothers  were  suckled  by 
an  immune  nurse.  The  degree  of  immunity  also,  as  might 
be  expected,  since  there  is  a  transference  of  anti-bodies 
present  in  the  milk,  augments  with  the  duration  of  lactation. 

1  The  following  observation  is  of  interest.  Nocard  has  shown  that 
suckling  goats  easily  succumb  when  anthrax  bacilli  are  injected  into  the 
mamma  by  way  of  the  lactiferous  ducts.  A  goat  rendered  immune  is  un¬ 
harmed  by  this  proceeding,  although  the  bacilli  live  within  the  gland  for  an 
indefinite  period,  and  the  milk  is  shown  to  possess  virulent  properties,  since 
sheep  inoculated  with  such  milk  die  of  typical  anthrax. 
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It  is  consequently  proved  conclusively  that  even  if  there  are 
any  protective  bodies  in  the  offspring  the  quantity  derived 
directly  from  the  mother  is  almost  nothing  when  contrasted 
with  the  amount  yielded  by  milk.  The  protective  sub¬ 
stances  which  are  in  the  milk  exist  also  in  the  blood  serum, 
since  a  normal  susceptible  mother  is  rendered  immune  and 
will  furnish  a  protective  milk  when  the  serum  of  an  abrin- 
resistant  animal  is  introduced. 

Transference  by  milk  of  substances  which  are  antago¬ 
nistic  to  the  tetanus  toxine  also  occurs  during  the  lactation 
period.  The  protective  serum  of  a  horse  was  injected  into 
a  suckling  mouse,  and  after  twenty-four  to  seventy-eight 
hours  this  induced  protection  is  found  to  exist  also  in  the 
young,  and  in  confirmation  of  the  well-known  results  of 
Kitasato  that  tetanus  when  fully  developed  can  be  checked 
by  introduction  of  protective  serum,  Ehrlich  has  found  that 
tetanus  developed  in  young  animals  can  be  absolutely 
arrested  by  feeding  them  from  a  highly  immune  mother. 

Previous  to  these  epoch-making  experiments  it  was 
believed  that  the  blood  was  the  chief,  if  not  the  exclusive, 
vehicle  of  protective  bodies,  and  the  passage  of  these  into 
the  secretions  was  unknown.  The  mamma,  however,  is  the 
only  organ  which  secretes  proteids  to  any  extent,  and  it  is 
remarkable  that  the  anti-bodies,  which  are  generally  re¬ 
garded  as  very  easy  of  decomposition,  are  capable  of  pass¬ 
ing  through  the  bowels  unchanged  and  then  enter  the  body. 
Feeding  experiments  with  the  organs  of  immune  animals 
never  confers  immunity. 

In  a  later  paper  Ehrlich  and  Brieger  (45)  confirm  the 
previous  investigations.  They  find  that  the  milk  of  a  goat, 
which  towards  the  end  of  pregnancy  had  been  rendered 
immune  to  tetanus  by  daily  injections  of  thymus-tetanus- 
bouillon  mixture,  which  were  slowly  increased  in  strength, 
possessed  a  high  protective  value.  The  milk  secreted  by 
the  animal  showed,  however,  considerable  fluctuations  in 
strength,  but  injected  into  mice  conferred  upon  these 
animals  an  immunity  to  inoculation  with  virulent  tetanus 
cultures,  which  was  at  least  sixteen  times  above  that  of  the 
normal  animal.  Attempts  to  isolate  the  protective  sub- 
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stances  from  milk  were  also  made.  This  fluid  was  treated 
with  27-30  per  cent,  ammonium  sulphate,  and  the  first  part 
of  the  precipitate  was  collected,  dissolved  in  water,  then 
dialysed,  filtered  and  the  filtrate  evaporated  in  vacuo  at  35°. 

1  litre  of  milk  yielded  1  gr.  of  a  yellowish  white,  transparent 
substance  which  contained  I4per  cent,  of  ammonium  sulphate. 
This  was  shown  by  experiments  to  possess  a  value  400-600 
times  that  of  milk,  in  the  whey  of  which  the  protective 
bodies  are  found.  The  later  experiments  of  Brieger  and 
G.  Cohn  (46)  have  yielded  anti-toxines  from  milk  which 
possessed  an  exceedingly  high  value  in  rendering  animals 
immune  from  tetanus. 

Experimental  researches  on  the  inheritance  of  immunity 
have  also  been  made  which  seem  to  show  that  this  inherited 
character  may  be  transferred  to  the  offspring  by  the  egg  or 
the  sperm,  and  not  wholly  by  the  placental  blood  or  the 
milk  of  the  mother.  The  researches  of  G.  Tizzoni  and  G. 
Cattani  (47)  show  that  the  young  of  parents  highly  immune 
against  tetanus  possess  a  very  definite  resistance  against  the 
artificial  production  of  this  disease,  though  this  is  less  than 
for  the  parents.  These  observers  have  also  attacked  the 
question  of  the  possibility  of  the  direct  inheritance  of 
immunity  against  rabies  (48)*  The  method  consisted  in 
pairing  rabbits,  c.g.}  a  resistant  father  with  normal  mother, 
and  then  testing  the  individuals  of  the  litter.  In  three 
litters  the  first  contained  five  individuals,  and  two  out 
of  these  resisted  repeated  subdural  inoculation  of  virus, 
and  were  still  alive  after  seven  months ;  two  members 
of  the  second  litter  similarly  treated  were  proved  re¬ 
sistant,  while  all  the  third  litter  succumbed.  Out  of 
thirteen  individuals  only  four  survived  inoculation  with 
virus  of  great  strength,  which,  without  exception,  always 
killed  control  animals,  fl  he  conclusions  drawn  from  these 
observations  are  that  offspring  can  directly  inherit  the 
acquired  immunity  of  the  father,  and  that  this  by  exclusion 
of  other  causes  can  only  be  due  to  transmission  of  the  immune 
condition  by  the  sperm.  No  peculiarities  of  the  mother 
play  any  part  in  the  results  of  the  above  experiments, 
since  immunity  occurs  in  individuals  of  two  different  litters 
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which  had  the  same  father.  The  immunity  possessed  by 
the  offspring  is  less  than  that  of  the  father,  but  unlike  the 
immunity  conferred  by  blood  serum  or  milk  this  state  is 

permanent. 

A  series  of  observations  on  the  heredity  of  immunity 
have  been  undertaken  by  Gley  and  Charrin  (49)-  Rabbits 
rendered  immune  to  infection  with  the  bacillus  pyocyaneus 
were  paired  and  the  offspring  tested.  The  experiments 
indicate  that  there  is  only  occasional  evidence  of  partial  or 
absolute  immunity.  They  consider  that  this  is  dependent 
entirely  upon  the  male,  for  immune  females  tend  to  become 
sterile,  and  to  produce  immature  or  malformed  offspring. 
In  this  they  see  strong  evidence  against  accepting  Weis- 
mann’s  theory  of  heredity. 

Sufficient  experimental  work  does  not  at  present  exist 
to  permit  of  any  definite  attitude  on  this  question  of  inherited 
immunity.  Natural  peculiarities,  acquired  characters  and 
mutilations  are  apparently  never  transmitted,  and  the  con¬ 
siderable  literature  which  has  grown  up  around  this  dogma 
leaves  it  absolutely  uncontradicted.  Certain  diseases 
among  white  races,  such  as  measles,  small-pox  and  other 
inoculable  diseases,  seem  to  have  lost  something  of  their 
former  virulence.1  Yellow  fever  also  is  said  to  spare  the 
negro  and  destroy  the  mulatto.  In  all  these  cases  instead 
of  a  direct  inheritance  of  susceptibility  or  of  immunity  it 
is  at  least  possible  that  while  receptive  families  have  died 
out  refractary  families  have  succeeded  in  multiplying  and 
maintaining  their  existence,  and  consequently  have  raised 
comparatively  immune  generations. 

1  Diseases  such  as  small-pox,  measles  and  syphilis  were  unknown 
among  savage  races  until  introduced  by  Europeans.  For  the  marked 
susceptibility  of  savages  see  Bonwick,  Last  of  the  Tasmanians ,  and  the 
Black  War  of  Van  Diemen's  Land ,  1870,  and  Moseley’s  Notes  by  cc 
Naturalist  on  the  “  Challenger 1879,  p.  341- 
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EXPERIMENT  IN  MINERALOGY. 


IT  might  appear  unnecessary  to  call  attention  to  the  value 
of  experiment  in  any  branch  of  science  ;  but  we  have 
to  remember  that  at  no  very  distant  date  mineralogy  was 
formally  divorced  therefrom,  and  a  complete  reconciliation 
has  never  yet  taken  place. 

In  the  first  half  of  the  present  century,  under  the  supre¬ 
macy  of  the  natural  history  school  of  Werner,  the  study  of 
minerals  was  expressly  confined  to  such  features  as  could  be 
examined  by  observation  alone.  In  the  words  of  Mohs,  who 
may  be  regarded  as  the  exponent  of  this  school,  “minera¬ 
logy  is  the  natural  history  of  minerals  ”  ;  “  natural  history 
considers  the  natural  productions  as  they  are,  and  not  how 
they  have  been  formed  ”  ;  “the  natural-historical  properties 
are  those  with  which  nature  has  endowed  the  bodies  which  it 
produces,  provided  those  properties  as  well  as  the  bodies 
themselves  remain  unaltered  during  their  examination  ”. 

Nothing  can  be  further  removed  from  experimental 
science  than  this.  In  the  light  of  present  methods,  some  of 
the  dicta  of  Mohs  appear  to  a  modern  reader  absolutely 
opposed  to  the  spirit  of  progress.  For  instance  :  “  It  is 
very  difficult  to  attain  a  correct  knowledge  of  the  produc¬ 
tions  of  the  mineral  kingdom,  if  we  confine  ourselves  to 
empiricism.  Besides  it  is  a  waste  of  time,  and  the  infor¬ 
mation  thus  acquired  is  at  the  best  uncertain.”  If  a  person 
intends  to  acquire  solid  information  in  mineralogy  he  is  re¬ 
commended  to  ‘‘examine  well-arranged  collections  which 
may  be  said  to  be  useful  only  to  those  who  wish  to  enlarge 
their  information  by  observation  and  inquiry  ”.  “  Properties 

which  can  only  be  observed  during  or  after  a  change  can¬ 
not  be  employed  agreeably  to  the  principles  of  natural 
history,  and  must  therefore  be  excluded  from  mineralogy. 
Properties  of  this  kind  are :  the  fusibility  of  minerals 
examined  before  the  blow-pipe  ;  their  solubility  in  acids  ; 
phosphorescence  produced  by  heat ;  chemical  analysis 
instituted  to  ascertain  the  quality  or  relative  quantity  of 
the  component  parts  ”  (i). 
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It  is  difficult  to  believe  that  these  were  really  the  prin¬ 
ciples  of  the  science  little  more  than  sixty  years  ago  ,  but, 
as  a  matter  of  fact,  even  before  it  had  emerged  from  this 
Slough  of  Despond,  systematic  mineralogy  was  based  upon 
experimental  methods  without  which  the  chemical,  physical 
and  morphological  characters  of  minerals  cannot  be  deter¬ 
mined. 

The  study  of  minerals,  however,  is  no  more  limited  to 
the  determination  of  their  characters  than  is  the  study  of 
geology  confined  to  the  classification  of  fossils.  A  no  less 
important  branch  of  the  subject  is  occupied  with  the 
investigation  of  their  origin  and  the  changes  to  which  they 
are  subject ;  even  here  experiment  is  not  a  new  thing  ;  as 
early  as  1801  James  Hall  showed  that  chalk  may  be  con¬ 
verted  into  crystallised  calcite  by  heating  it  under  pressure 
in  a  closed  tube  ;  and  after  an  interval  of  nearly  a  century 
the  same  methods  and  almost  the  same  apparatus  are 

being  used  in  the  synthesis  of  other  minerals. 

But  there  is  yet  another  aspect  of  the  subject  which  is 
the  very  life  and  essence  of  mineralogy  if  it  is  to  exist  as 
a  science  at  all :  namely,  the  discovery  of  the  general  laws 
of  which  the  characters  and  changes  of  minerals  are  an 
expression  ;  the  relations  between  their  chemical,  physical 
and  morphological  characters  ;  the  molecular  properties  and 
structures  which  are  to  explain  both  their  nature  and  origin. 

In  these  matters,  until  recently,  mineralogy  was  no 
more  occupied  with  experimental  methods  than  were  socio¬ 
logy  or  astronomy ;  and  yet  the  mineralogist  could  not 
plead  as  an  excuse  that  his  materials  were  either  too  un¬ 
wieldy  or  too  distant  to  be  brought  within  the  scope  of 

experiment. 

Regarding  chemical  and  crystalline  structure,  for  example, 
numerous  speculations  exist ;  but  scarcely  a  single  working 
hypothesis  capable  of  any  wide  application  ;  the  same  is  true 
of  questions  relating  to  the  genesis  of  minerals. 

The  fact  is  that  the  science  has  experienced  a  tempor¬ 
ary  check  owing  to  the  want  of  experimental  evidence  by 
which  the  theories  might  be  tested.  Even  the  classification 
of  minerals,  the  first  and  most  important  step,  is  at  a  stand- 
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still  because  the  relations  between  isomorphous  substances 
are  but  imperfectly  understood.  The  present  state  of  our 
knowledge  on  this  subject  is  summarised  in  a  valuable 
treatise  recently  published  by  Arzruni  (2)  as  a  section  of 
Graham-Otto’s  Lehrbuch  der  Anorganischen  Chemie ;  its 
application  to  mineralogy  is  to  be  found  in  the  great  treatises 
of  Dana  (3)  and  Hintze  (4). 

But  reference  to  such  books  will  only  convince  a  critical 
reader  of  the  necessity  of  further  experimental  research. 
Instance  upon  instance  may  be  found  in  the  very  best  ex¬ 
plored  regions  of  the  science.  The  felspars  by  all  their 
characters  declare  themselves  to  be  an  isomorphous  group, 
and  we  have  therefore  to  harmonise  the  empirical  formulae 
KAlSi308  of  orthoclase  and  CaAl2Si2Os  of  anorthite  ;  but 
whether  the  formula  of  the  latter  is  to  be  doubled  and  CaAl2 
is  to  be  supposed  equivalent  to  Si2  in  the  former,  or  whether 
we  are  to  suppose  that  Si308  is  a  radicle  which  can  replace 
Si04,  is,  without  further  evidence,  a  matter  of  the  purest 
speculation  ;  it  is  true  that  an  appeal  can  here  be  made  to 
the  products  resulting  from  the  decomposition  of  felspars, 
and  the  constitution  formulae  generally  adopted  are  based 
upon  the  kaolinisation  of  these  minerals  ;  in  this  connection 
reference  may  be  made  to  a  suggestive  paper  by  Scharizer 
(5)  on  the  metasomatic  products  of  the  silicates. 

EXPERIMENTS  ON  CHEMICAL  COMPOSITION. 

A  preferable  method  would  be  to  investigate  the 
action  of  various  physical  and  chemical  processes  upon  the 
mineral,  in  order  to  determine  what  proportions  of  its  con¬ 
stituents  are  combined  in  different  manners  within  the 
molecule.  Very  important  in  this  respect  are  the  numerous 
observations  of  Doelter  upon  the  solubility  of  minerals  and 
their  behaviour  in  the  presence  of  various  solvents  (6). 

Particularly  striking  and  promising  among  recent  re¬ 
searches  are  those  of  Clarke  upon  the  silicates,  especially 
the  mica  group  (7)  j  the  experiments  were  made  to  ascer¬ 
tain  how  far  they  conform  to  his  view  that  such  stable  com¬ 
pounds  as  the  natural  silicates  must  be  far  less  complex 
in  constitution  than  is  commonly  supposed,  and  that  they 
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may,  in  fact,  be  regarded  as  substitution  derivatives  of  simple 
normal  salts. 

According  to  this  view  the  mica  group  is  derived  from 
the  normal  aluminium  silicate  Al4(Si04)3,  in  which  one  or 
more  atoms  of  aluminium  are  replaceable  by  other  radicles. 

Now  Clarke  has  found  that  when  serpentine  is  exposed 
to  the  action  of  dry  hydrochloric  acid  gas,  one-third  of  its 
magnesia  is  given  up  ;  from  the  fact  that  olivine  is  un¬ 
attached,  while  serpentine  is  attacked  proportionally  to  the 
excess  of  oxygen  over  the  orthosilicate  ratio,  he  concludes 
that  in  the  magnesian  silicates,  only  that  part  of  the  mag¬ 
nesium  is  removed  by  gaseous  hydrogen  chloride  which  is 
present  as  the  univalent  group  MgOH  ;  serpentine  then  is 
regarded  as  Mg2(Si04)2H3(MgOH),  which  is  a  substitution 
derivative  from  the  normal  olivine  orthosilicate  Mg4(Si04)2. 

Ripidolite  gives  up  1 3  per  cent,  of  magnesia  ;  if  this  be 
represented  by  MgOH  the  constitution  falls  under  the  type 
R"2(Si04)2R'4,  which  is  again  an  olivine  silicate  and  brings 
the  chlorites  into  the  same  series  with  serpentine. 

On  the  other  hand  phlogopite  is  unaffected  by  gaseous 
hydrogen  chloride,  though  completely  decomposed  by  the 
aqueous  acid  ;  this  is  in  accordance  with  the  view  that  it 
is  Al(Si04)3Mg3R'3,  a  substitution  derivative  of  normal 
aluminium  orthosilicate. 

The  strength  of  Clarke’s  position  as  compared  with 
that  of  other  mineral  chemists  is  that  his  arguments  are 
based  upon  experimental  evidence  in  addition  to  the 
ordinary  analytical  results.  There  is  scarcely  a  single 
group  of  silicates  for  which  some  such  evidence  is  not 
needed. 

As  another  instance  take  the  scapolite  group ;  the 
nature  of  the  scapolite  series  of  minerals  is  evidently  to  be 
explained  by  the  isomorphous  intermixture  of  two  or  more 
substances  ;  but  the  only  available  theory,  that  recently  pro¬ 
pounded  by  Tschermak  (8),  according  to  which  they  are 
mixtures  of  Ca4Al6Sifi025  (meionite)  and  Na4Al3Si8024Cl 
(marialite),  is  considerably  weakened  by  the  fact  that  the 
latter  compound  is  purely  hypothetical ;  the  artificial  pro¬ 
duction  of  this  compound  would  of  course  immensely 
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strengthen  the  theory,  and  the  same  is  true  of  the  other 
numerous  groups  in  which  a  hypothetical  constituent  is 
introduced. 

Even  in  so  well  known  a  group  as  the  amphiboles  there 
is  great  doubt  whether  the  aluminous  varieties  are  to  be 
explained  by  the  replacement  of  one  atom  of  Si  by  the 
univalent  group  MgAl,  or  whether  MgSi03  is  to  be  regarded 
as  replaceable  by  RA1204,  or  whether  the  metasilicate 
RSiOg  can  form  isomorphous  mixtures  with  a  silicate  of  the 
garnet  type  R3Al2(Si04)3. 

Or  again  take  the  variations  of  the  optical  characters  in 
the  pyroxenes — one  of  the  very  few  groups  which  have 
been  seriously  studied  in  this  respect — it  is  known  that 
the  extinction  on  a  certain  face,  and  the  optic  axial  angle 
both  increase  with  the  percentage  of  iron,  but  various 
views  are  held  on  the  nature  of  the  variation  ;  it  was  at 
first  supposed  that  the  increasing  percentage  of  Fe2Os  was 
attended  by  a  regular  change  in  the  properties,  but  Doelter 
is  of  opinion  that  the  increase  is  due  to  the  simultaneous 
action  of  no  less  than  three  silicates  which  (with  others) 
may  enter  into  the  composition  of  a  pyroxene,  namely, 
CaFeSi2  Oe,  MgFe2Si06,  and  MgAl2  SiOe  (9). 

In  all  these  cases  the  production  and  study  of  artificial 
compounds  is  a  great  need  ;  the  laws  which  operate  must 
obviously  be  more  easily  established  upon  pure  substances 
of  simple  composition  than  upon  the  impure  and  complex 
compounds  which  occur  as  minerals. 

The  truth  is  that  in  whichever  direction  the  mineralo¬ 
gist  turns  the  problems  by  which  he  is  confronted  are  pre¬ 
cisely  those  which  can  only  be  solved  by  experiment; 
speculations  exist  in  abundance,  but  they  can  only  be 
confirmed  or  rejected  by  the  decisive  test  of  experimental 

research. 

EXPERIMENTS  ON  CRYSTALLINE  STRUCTURE. 

One  or  two  instances  chosen  from  the  crystallographic 
side  of  the  subject  will  suffice  to  indicate  how  fruitful 
(though  so  rare)  experiment  has  been  in  recent  work. 

It  was  a  simple  experiment  by  which  Reusch  converted 
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a  crystal  of  calcite  by  mere  pressure  into  two  crystals  united 
by  a  twin-plane  ;  any  one  can  repeat  the  experiment,  as 
suggested  by  Baumhauer,  by  merely  pressing  a  knife-blade 
into  the  edge  of  a  calcite-rhomb,  and  the  marvellous 
manner  in  which  the  part  of  the  crystal  which  is  pressed 
changes  as  though  by  magic  to  a  new  crystal  must  delight 
any  who  see  the  experiment  performed  ;  from  this  simple 
experiment  have  resulted  modern  conceptions  of  “  gliding- 
planes  ”  and  “  secondary  twinning”  produced  in  crystals  by 
changes  of  temperature  and  pressure  ;  this  secondary  twin¬ 
ning  has  now  been  produced  in  many  substances  and  has 
been  experimentally  studied  by  Miigge ;  it  has  been 
observed  in  many  minerals  and  is  not  without  geological 
significance  as  indicating  the  former  existence  of  pressure  ; 
it  has  moreover  an  important  bearing  upon  theories  of 
crystal  structure,'  and  has  provoked  the  recent  suggestive 
work  of  Lord  Kelvin  upon  the  “Molecular  Tactics  of  Iceland 
Spar  ”  (io). 

Equally  simple  and  striking  is  the  experiment  of  Mallard 
upon  boracite,  a  mineral  which  though  apparently  cubic 
exhibits  double  refraction  ;  he  found  that  when  heated  to  265° 
the  crystals  become  isotropic  ;  it  is  impossible  to  see  this 
experiment  without  being  led  to  inquire  into  the  molecular 
structure  which  can  explain  so  remarkable  a  phenomenon, 
and  it  has  given  rise  to  a  flood  of  research. 

Or  take  again  that  other  experiment  of  Reusch,  in  which 
a  number  of  mica  plates  are  piled  one  above  the  other  in 
the  fashion  of  a  spiral  staircase  ;  such  a  combination  is 
found  to  rotate  the  plane  of  polarisation  of  a  plane  polarised 
ray  of  light  just  as  it  is  rotated  by  a  crystal  of  quartz  ;  the 
experiment  affords  a  striking  justification  of,  if  it  did  not 
actually  prompt,  the  views  of  Sohncke  and  Mallard  regard¬ 
ing  the  structure  of  quartz  and  other  optically  active 
crystals,  according  to  which  these  crystals  are  composed  of 
a  spiral  arrangement  of  particles  (11). 

Again  it  has  generally  been  supposed  that  absolute 
repose  is  essential  to  the  growth  of  well-developed  crystals  ; 
in  reality,  however,  direct  experiments  of  W ulff  have  shown 
that  under  some  conditions  continual  movement  is  an 
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advantage  and  not  a  hindrance,  and  need  not  therefore 
be  excluded  either  in  the  laboratory  or  in  nature  (12). 

EXPERIMENTS  ON  THE  ORIGIN  OF  MINERALS. 

But  nowhere  is  the  want  of  experiment  more  felt  than 
in  the  question  of  mineral  genesis. 

The  complaint  used  to  be  that  experimental  geology 
could  scarcely  expect  success  owing  to  our  inability  to  re¬ 
produce  the  enormous  pressures  and  temperatures  which 
have  prevailed  during  the  natural  production  of  minerals, 
and  a  still  greater  difficulty  was  supposed  to  be  the  great 
lapse  of  time  required  by  the  processes  of  nature. 

In  reality,  however,  these  objections  were  many  years 
ago  removed  by  such  discoveries  as  that  of  cassiterite  in 
the  antlers  of  deer  in  the  Cornish  tin  works,  of  gold  and 
crystalline  pyrites  in  the  woodwork  of  old  mine-galleries,  of 
crystalline  zeolites  in  the  masonry  of  the  Roman  springs  at 
Plombieres,  and  of  minerals  resulting  from  the  decomposi¬ 
tion  of  coins  of  comparatively  recent  date  (13). 

If  the  natural  conditions  can  only  be  reproduced  in  the 
laboratory  there  is  no  reason  why  minerals  which  have  in 
a  score  of  centuries  attained  sufficient  dimensions  to  satisfy 
the  curators  of  museums  should  not  be  reproduced  as  micro¬ 
scopic  crystals  in  as  many  weeks  or  even  days. 

Ebelmen,  Senarmont  and  Daubree,  to  mention  only  a 
few  of  those  who  have  occupied  themselves  with  mineral 
synthesis,  have  prepared  a  large  number  of  minerals  in 
various  ways ;  at  first  but  little  attempt  was  made  to 
realise  the  conditions  of  nature,  but  by  degrees  higher 
temperatures  and  greater  pressures  were  employed,  until 
it  became  possible  to  reproduce  many  of  the  silicates  which 
are  characteristic  of  volcanic  lavas  and  igneous  rocks. 
These  researches  were  prosecuted  with  much  zeal  by  the 
French  chemists  to  whom  the  development  of  mineral 
synthesis  is  mainly  due,  and  one  striking  result  of  their 
experiments  has  been  to  demonstrate  the  important  part 
played  by  such  elements  as  chlorine,  fluorine  and  nitrogen, 
even  though  they  do  not  enter  into  the  composition  of  the 
final  product. 
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A  recent  achievement  in  this  direction  has  been  the 
manufacture  of  crystalline  sapphire  and  ruby,  by  Haute- 
feuille,  Fremy  and  Verneuil  (14). 

Finally  we  may  notice  some  recent  work  which  illus¬ 
trates  both  the  value  and  the  need  of  experiment  in  con¬ 
nection  with  the  genesis  Qf  certain  minerals  which  are 
found  associated  with  basic  rocks  ;  that  is  to  say  with 
igneous  rocks  containing  less  than  55  per  cent,  of  silica. 

Among  those  minerals  whose  origin  is  shrouded  in  the 
greatest  mystery  are  platinum  and  diamond,  which,  like 
several  of  the  gems,  are  for  the  most  part  found  in  gravels 
and  river  washings,  and  not  in  the  original  matrix. 

Some  quite  recent  observations  have  contributed  much 
to  a  better  understanding  of  their  origin. 

In  the  first  place  Inostranzeff  has  found  platinum 
actually  disseminated  through  a  rock  consisting  mainly  of 
chromite  and  serpentine  (15),  that  is  to  say  an  altered 
basic  rock  of  which  the  metal  appears  to  have  been  origin¬ 
ally  a  constituent ;  with  this  discovery  may  be  compared 
that  of  a  nickeliferous  iron  in  serpentine  from  New  Zea¬ 
land  ;  this  has  been  described  by  Ulrich  under  the  name 
Awaruite  (16). 

Nickel-iron  was  formerly  supposed  to  be  exclusively 
meteoric,  but  the  large  masses  brought  by  Nordenskiold 
from  Ovifak  in  North  Greenland  have  been  proved  to  be 
metallic  concretions  formed  in  basalt  and  not  of  meteoric 
origin  (17). 

Ft  ere  then  are  three  instances  of  metallic  segregations 
which  have  solidified  from  basic  igneous  rocks. 

Somewhat  similar  may  be  the  history  of  the  diamond  ; 
various  occurrences  of  diamond  in  a  natural  matrix  have 
been  reported,  but  they  have  always  been  somewhat 
dubious  ;  only  in  the  South  African  workings  at  Kimberley 
is  the  occurrence  of  the  gem  difficult  to  explain  on  any 
other  hypothesis  than  that  it  has  actually  crystallised  from 
the  serpentinous  rock  in  which  it  is  found.  This,  which  is. 
a  basic  igneous  rock  known  by  the  name  of  “  blue  ground,” 
fills  vertical  pipe-shaped  shafts  of  unknown  depth,  and  the 
diamonds  which  are  dispersed  through  it  bear  all  the 
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familiar  tokens  of  crystallisation  from  a  solvent ;  they  have 
sometimes  rounded  edges  and  sharply  defined  etched  figures, 
characteristic  of  an  incipient  corrosion  by  the  solvent ;  an 
octahedron  of  alum  during  crystallisation  becomes  covered 
with  etched  triangles  precisely  resembling  those  of  the 
diamond  the  instant  a  rise  of  temperature  occurs. 

On  the  other  hand  the  “  blue  ground”  has  the  appear¬ 
ance  of  occupying  a  volcanic  vent,  and  contains  fragments 
of  so  many  other  minerals  and  rocks  that  it  is  rash  to  assert 
that  the  diamond  may  not  have  been,  like  them,  caught  up 
elsewhere  by  the  molten  mass. 

The  resemblance  between  basic  terrestrial  rocks  and 
meteorites  has  been  frequently  pointed  out ;  there  is  a 
regular  gradation  from  the  acid  igneous  rocks  through 
the  more  basic  to  the  felspathic  meteorites  (which  have 
much  the  same  composition  as  the  basaltic  rocks),  while 
lower  in  the  series  come  the  olivine  and  iron-bearing 
meteorites,  ending  with  meteoric  iron  as  the  extreme 
limit. 

Now*  a  recent  very  striking  discovery  is  that  of  a 
meteoric  iron  containing  diamond ;  the  occurrence  was 
announced  by  Konig  (18),  and  the  iron  was  found  in  1891 
at  Canon  Diablo  in  Arizona.  Minute  particles  supposed 
to  be  diamond  had  previously  been  observed  in  the  meteoric 
stone  which  fell  at  Nowo-urei  in  Russia  in  1886. 

Konig’s  determination  has  been  subsequently  confirmed 
by  the  French  observers  Mallard  and  Friedel. 

Various  forms  of  carbon  had  been  known  to  exist  in 
meteoric  irons  and  it  had  been  suggested  that  some  of 
these  were  altered  diamond,  but  this  substance  itself  had 
not  been  previously  found  in  a  meteoric  iron. 

It  is  natural  to  conclude  that  the  diamond  has  crystal¬ 
lised  from  solution  in  the  molten  metal. 

Moissan  has  lost  no  time  in  putting  this  idea  to  a 
practical  test  with  the  help  of  the  high  temperature  at¬ 
tainable  by  means  of  the  electric  furnace  (19).  He  finds 
that,  with  the  addition  of  great  pressure,  he  is  able  to 
dissolve  carbon  in  iron,  silver  and  certain  alloys,  and 

that  it  reappears  from  the  solvent  in  the  form  both  of 

18 
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diamond  and  carbonado  (a  black  amorphous  modification 
similar  to  that  found  in  Brazil  and  used  for  rock  drills). 

It  is  interesting  to  note  in  this  connection  that  Norden- 
skiold  had  observed  one  piece  of  the  Ovifak  iron  to  be  so 
hard  that  it  could  not  be  cut  or  worked,  and  in  view  of 
the  constitution  of  the  Canon  Diablo  meteorite  it  seemed 
possible  that  this  might  also  contain  diamond  ;  it  was  ex¬ 
amined  by  Moissan,  who  found  no  diamond,  but  an  equally 
interesting  result  was  obtained,  for  the  iron  was  found  to 
contain  sapphire,  to  which  no  doubt  the  hardness  is  due 

(20) . 

Taking  all  the  above  observations  into  account,  it  is 
more  than  probable  that  the  blue  ground  of  Kimberley  may 
be  the  original  matrix  of  the  South  African  diamonds. 

Now  a  recent  experiment  tends  to  confirm  this  view  ;  it 
has  not  only  been  found  that  microscopic  diamond,  graphite 
and  carbonado  are  disseminated  through  the  blue  ground, 
just  as  they  are  in  the  molten  iron  of  Moissan  s  experiment , 
but  further,  that  under  the  influence  of  high  tempera¬ 
ture  and  great  pressure  the  blue  ground  itself  may  be 
made  to  corrode,  to  etch  and  to  redissolve  the  diamond 

(21) -  ,  . 

The  general  tendency  of  recent  research  is  to  suggest 

that  several  other  metals  and  metallic  compounds  whose 
origin  is  particularly  doubtful  may  have  crystallised  out  of 
basic  igneous  rocks.  These  very  questions  have  attracted 
much  interest  among  petrologists  who  have  endeavoured  to 
ascertain  how  rocks  of  varying  composition  have  solidified 
from  one  and  the  same  subterranean  magma  by  a  process 
of  successive  segregation. 

Vogt  has  approached  the  subject  more  from  the  minera- 
logical  and  metallurgical  point  ol  view,  d  wo  years  ago  he 
showed  that  in  all  probability  the  iron  ore  deposits  of 
Ekersund  and  Taberg  have  been  separated  by  concentra¬ 
tion  from  basic  igneous  rocks.  In  the  Ekersund-Soggen- 
dal  district  the  ore  is  an  ilmenite-norite  dyke,  occurring 
in  a  labradorite  rock  ;  at  Taberg  the  ore  is  a  mixture  ol 
titaniferous  magnetite  with  olivine  and  a  basic  felspar, 
which  is  a  concentration  patch  in  an  olivine-hyperite  (22). 
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In  a  remarkable  paper  published  in  the  new  Zeitschrift 
fur  praktische  Geologie  he  has  extended  these  views  to 
the  nickel  ores,  and  has  shown  that  the  nickeliferous 
sulphides  in  many  parts  of  the  world  have  probably  been 
concentrated  in  a  similar  manner  (23).  At  Esteli  in  Nor¬ 
way,  Klefva  in  Sweden,  Varallo  in  Piedmont,  and  Sudbury 
in  Canada,  nickeliferous  pyrrhotite  associated  with  copper 
pyrites,  ilmenite,  etc.,  is  the  ore,  and  it  occurs  in  gabbro 
(norite). 

(In  connection  with  what  has  been  said  above,  it  is  inter¬ 
esting  to  note  that  some  of  the  Sudbury  nickel  ore  is  platini- 
ferous,  and  that  an  arsenide  of  platinum  has  been  found 
in  the  district  (24).) 

The  well-known  nickel  ores  of  New  Caledonia  are  mostly 
silicates,  and  are  associated  with  chalcedony,  brucite,  mag¬ 
nesite  and  other  alteration  products,  but  here  also  they 
occur  in  serpentine,  i.e.,  in  an  altered  basic  rock  from  which 
again  the  nickel  may  have  been  derived  by  concentration. 
Vogt  himself,  however,  does  not  incline  to  this  opinion. 

These  and  similar  views  regarding  magmatic  concentra¬ 
tion,  which  are  rapidly  finding  acceptance  among  geologists 
and  petrologists,^  are  referred  to  here  as  examples  both  of 
the  value  of  experimental  evidence  and  of  the  need  of  it.  The 
order  in  which  minerals  crystallise  from  a  siliceous  magma 
and  the  manner  in  which  certain  elements  unite  to  form 
definite  minerals  have  been  verified  by  numerous  experi¬ 
ments  with  slags,  and  it  is  this  that  invests  Vogt’s  views 
upon  the  concentration  of  the  oxides  with  a  special  value. 
As  regards  the  sulphides  and  much  of  the  purely  pe¬ 
trological  speculation,  the  experimental  evidence  is  still 
wanting. 

On  the  mineralogical  side  the  subject  has  considerable 
practical  importance  ;  for  it  may  lead  to  a  better  knowledge 
of  the  distribution  not  only  of  metalliferous  ores  but  also 
of  the  rare  elements  which,  without  doubt,  do  exhibit  a 
tendency  to  congregate  in  certain  limited  areas. 

From  every  point  of  view,  experimental  mineralogy  is 
a  subject  which  has  always  been  strangely  neglected  in 
England. 
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A  L  G  HA 


STUDENTS  of  phycology  hope  so  much  from  the  suc¬ 
cessive  parts  of  Engler  and  P rand’s  Pjlanzenfamilien 
that  its  progress  is  watched  only  less  critically  than  the 
necessary  Sylloge  of  De  Toni.  After  the  depression  pro¬ 
duced  by  Wille’s  uncritical  and  often  inaccurate  treatment 
of  the  Chlorophycece ,  Kjellman’s  excellent  account  (i)  of 
the  olive  and  brown  Algae  has  been  very  welcome.  He  has 
set  about  his  work  in  a  very  exhaustive  fashion  on  the  whole, 
and  has  skilfully  assembled  his  orders  and  their  genera  with 
the  experienced  eye  and  judgment  of  one  who  knows  most 
of  them  at  first  hand,  and  he  has  above  all  furnished  an 
abundance  of  clear  illustrations.  It  is  very  gratifying  to 
observe  that  the  more  obscure  the  group,  the  more  anxiously 
accurate  is  its  treatment.  It  is  difficult  to  refrain  from  ap¬ 
parently  exaggerated  words  of  praise  of  all  this  excellence, 
and  one  says  this  the  more  readily  that  there  is  a  complaint 
of  some  gravity  to  be  made.  Dr.  Kjellman  has,  doubtless 
unconsciously,  ignored  much  of  our  native  work  at  these 
orders  done  during  recent  years,  and  the  result  is  not  only 
casual  imperfections,  but,  at  all  events,  one  omission  of  an 
ordinal  type.  He  retains  Splachnidium  among  the  Fucacece , 
though  nearly  two  years  have  elapsed  since  its  removal  to 
an  order  of  its  own  for  reasons  of  undisputed  validity,  of 
which  he  does  not  appear  to  have  heard.  There  is  similar 
ignorance  of  other  papers  by  other  writers,  in  other  journals, 
all  British,  and  I  am  not  complaining  of  mere  trivialities,  but 
of  a  neglect  of  British  work  which  is  not  confined  by  any 
means  to  Dr.  Kjellman,  or  to  this  subject.  It  is  far  too 
prevalent  among  continental  botanists,  and  contrasts  pain¬ 
fully  with  the  exaggerated  respect  frequently  paid  to  their 
opinions  among  ourselves.  I  should  like  to  point  to  the 
excellent  figures  of  Fucacece  and  Laminanacece  and  of  genera 
especially  that  are  known  in  this  country  only  to  students  in 
our  great  herbaria.  In  this  and  in  his  treatment  of  the 
boreal  forms  which  Dr.  Kjellman  knows  so  well  from  his 
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experiences  on  the  “  Vegs.  and  other  expeditions,  he  has 
shown  such  good  judgment  that  one  is  almost  inclined  to 
forget  all  complaints.  Accessible  figures  of  such  Laminarian 
genera  as  Cymathere,  Uloptcryx,Postclsia,  Phalas  stop  hy  Hum , 
Agarum ,  Costaria ,  Dictyoneurum ,  all  within  one  book,  is  a 
boon  to  all  students  who  are  beyond  range  of  excellent 

libraries. 

Mr.  Setchell’s  previous  work  has  been  so  thoroughly 
good,  and  his  study  of  the  Laminarian  Saccorhiza  so  note¬ 
worthy  in  this  respect,  that  one  could  scarcely  wish  a 
difficult  task  like  this  (2)  in  other  hands.  There  is  hardly 
a  group  of  Algse  that  surpasses  the  Laminariacecz  in  the 
amount  of  interest  taken  in  them  ;  and  since  no  one  has 
attempted  a  general  classification  of  the  order  since  J.  G. 
Agardh  in  1848,  with  the  exception  of  the  contemporary 
Kjellmanian  account  cited  above,  there  was  an  urgent  need 
for  such  a  paper  as  this  one.  In  addition  to  the  discussion 
of  their  distribution,  he  gives  an  account  of  the  genera  and 
a  systematic  synopsis  of  them.  I  observe  that  A  clenocystis 
is  left  out,  but  from  my  examination  of  Hooker  and  Harvey’s 
typical  specimens,  1  doubt  the  wisdom  of  this.  He  gives  a 
valuable  table  of  the  distribution  of  all  the  species  in  defined 
areas.  One  cannot  but  rejoice  that  Mr.  Setchell  has  had 
the  courage  to  “lump”  species  in  so  satisfactory  a  way. 
For  example,  he  properly  recognises  only  one  species  of 
Macrocystis ,  viz. ,  M.  pyrifera.  There  are  still  too  many 
species  of  Laminaria  and  of  Alana,  especially  the  latter, 
founded  on  the  most  trifling  grounds.  No  doubt  they  will 
follow  their  defunct  allies  of  Macrocystis  when  the  order  is 
monographed.  I  observe  only  one  omission  of  interest,  viz. , 
Laminaria  Schinzii  Foslie,  which  enters  the  southern 
tropical  Atlantic  at  Walfisch  Bay.  A  very  satisfactory  as¬ 
pect  of  this  paper  is  that  it  gives  botanists  a  claim  on  Mr. 
Setchell  to  monograph  the  order  now  that  he  has  put  his 
hand  to  the  plough. 

Prof.  Johnson  describes  (3)  and  figures  an  interesting 
new  species,  Pogotrichum  hibernicum,  in  a  short  paper. 
He  gives  us  a  detailed  comparison  of  Litosiphon,  Harv., 
and  Pogotrichum  Rke.  In  the  course  of  his  corre- 
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spondence  with  Prof.  Reinke,  he  has  extracted  the  ad¬ 
mission  “  that  had  he  known  of  the  Kilkee  plant  \i.e., 
P.  hibernicuni\  he  would  have  hesitated  before  founding 
the  genus  Pogotrichum  ”.  Prof.  Johnson  himself  comes  to 
the  conclusion  :  “  Thus  I  am  led  to  believe  that  the  two 
genera,  Lit 0 siphon  and  Pogotrichum,  are  one  and  the  same, 
and  ought  to  be  united,  and  that  L.  Laminamcz  and  P. 
hibernicum,  if  not  one  species,  are  very  closely  allied 
This  is  a  very  diffident  attitude  towards  the  genus  he  has 
just  been  adding  to,  and  phycologists  who  read  Prof.  John¬ 
son’s  detailed  reasons  will  regret  that  he  has  not  had  the 
courage  of  his  opinions  to  take  “a  short  way  with’’  Pogo¬ 
trichum  after  disabling  it. 

Miss  Barton  has,  with  much  industry  and  care,  brought 
together  the  records  of  seaweeds  from  the  Cape  (4),  and 
with  the  help  of  collections  made  by  Messrs.  Boodle,  Scott 
Elliot,  Tyson  and  others,  principally  in  the  British  Museum, 
very  largely  increased  these  records.  The  list  does  not 
claim  to  be  more  than  provisional,  and  to  be  inclusive  rather 
than  exclusive  in  its  tendency — very  wisely  in  the  present 
state  of  our  knowledge — but  it  furnishes  material  for  an 
interesting,  if  short,  essay  on  the  geographical  relations  of 
the  Cape  marine  flora.  There  is  a  table  of  detailed  com¬ 
parisons  of  the  Cape  seaweeds  with  those  of  Australia,  of 
Western  Australia  only,  and  of  Kerguelen  Land — and 
another  table  of  comparisons  with  the  warm  Atlantic  and 
the  Indian  Ocean.  The  latter  table  appears  also  in  the 
last  paper  cited  under  (5),  of  which,  with  the  other  papers 
under  the  same  number,  it  will  become  me  to  give  only  a 
colourless  abstract.  The  writer  there  uses  the  Cape  totals 
furnished  by  Miss  Barton  to  make  more  effective  his  com¬ 
parison  between  the  marine  floras  of  the  warm  Atlantic  and 
Indian  Ocean.  “We  have  here  two  tropical  marine  floras 
cut  off  from  each  other  by  a  permanent  continental  area, 
and  communicating  only  via  the  Cape.  That  these  floras 
have  been  periodically  mingled  at  the  epochs  of  warmer 
climate  at  the  Cape  seems  a  reasonable  conclusion  with 
regard  to  a  group  of  such  antiquity  as  the  Algae,  and  the 
proportions  of  species  in  common  and  genera  in  common 
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between  the  different  regions,  and  among  all  three  may  have 
a  significance  in  this  respect  to  students  of  distribution.” 
The  writer  finds  that  the  genera  of  the  tropical  areas  are 
largely  the  same  while  the  species  are  in  a  high  proportion 
different.  This  is  particularly  marked  in  the  case  of  such 
a  tropical  and  subtropical  order  as  the  Siphonece  ( sensu 
Agardh).  There  are  twenty-three  genera  of  this  order  in 
the  warm  Atlantic  and  sixteen  in  the  Indian  Ocean,  and  the 
whole  of  the  sixteen  are  genera  in  common  ;  while  only 
twenty-nine  species  are  possessed  in  common  out  of  the 
two  totals  of  ninety-nine  and  seventy-two,  though  the 
waters  of  the  Cape  are  now  warm  enough  to  sustain  such 
generic  types  as  Coulerpa . 

Of  the  other  papers  cited  under  (5)  the  first  is  a  con¬ 
tinuation  of  the  study  of  the  morphology  of  the  FucacecB , 
especially  their  conceptacles,  which  was  initiated  by  Bower, 
and  carried  further  by  Oltmanns.  The  generic  types  dealt 
with  are  mostly  from  remote  places,  and  perhaps  the  most 
interesting  is  Notheia ,  by  Miss  Mitchell,  though  the  nature 
of  the  material  did  not  suffice  for  a  complete  study.  Its 
interest  is  mainly  that  it  appears  to  be  a  much  degraded, 
truly  parasitic  Fucaceous  genus.  The  second  paper,  by 
Miss  Whitting,  describes  a  new  endophytic  Alga  Chlorocystis 
Sarcophyci ,  which  inhabits  the  fronds  of  Sarcophycus ,  and 
appears  to  be  most  nearly  related  to  the  interesting  form 
described  some  years  ago  by  Dr.  Perceval  W right,  as 
Chlorochytrium  Cohnu  occurring  in  various  Algae  in  our 
own  seas.  The  next  paper  by  the  present  writer  is  a 
study  of  H alicy  stis  (a  genus  new  to  Britain)  and  V a  Ionia, 
of  which  latter  genus  the  mode  of  reproduction  is  described. 
In  her  paper  on  Hydroclathrus  Miss  Mitchell  describes  the 
vegetative  and  reproductive  structure  of  a  singular  type,  and 
in  the  following  paper  the  present  writer  gives  an  account 
of  his  examination  of  the  cryptostomata  (fasergriibchen)  of 
three  genera  of  Laminariacece  and  compares  their  develop¬ 
ment,  etc.,  with  those  of  the  Fncacece  and  Splachnidiacece , 
and  ventures  certain  speculative  views  as  to  the  significance 
of  these  puzzling  structures. 

Dr.  Schiitt  gives  (6)  a  valuable  account  of  the  results 
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of  the  German  Plankton  Expedition,  so  far  as  they  con¬ 
cern  the  Algae  of  the  open  ocean,  prefaced  by  an  essay 
on  the  general  character  of  such  a  flora  and  the  conditions 
of  its  existence.  The  expedition  has  not  added  very  greatly 
to  the  number  of  pelagic  Algae,  nor  has  it  introduced  any 
new  types.  It  also  failed  to  find  both  Coccospheres  and 
Rhabdospheres,  and  consequently  to  furnish  material  for 
advancing  our  knowledge  of  the  most  puzzling  denizens  of 
blue  water.  Dr.  Schiitt,  in  devoting  a  few  lines  to  this  sub¬ 
ject,  appears  to  favour  either  of  the  views,  that  they  may 
belong  to  the  Foraminifera ,  or  that  they  may  be  inorganic 
formations.  This  is  sinning  against  the  light ;  but  in  any 
case  little  value  need  be  attached  to  his  opinion  on  this 
subject,  since  his  acquaintance  with  the  objects  is,  like  his 
views,  second  hand.  He  records  Halosphcera  vimdis,  hitherto 
known  as  a  surface  organism,  from  “between  1000  and 
2200  m.” — a  remarkable  find  of  a  green  alga  in  regions  of 
darkness,  to  which,  however,  we  may  presume  it  was  swept 
by  the  movements  of  water  currents.  The  valuable  portion 
of  the  book  consists  of  the  estimates  of  volume  of  the  con¬ 
stituents  of  the  pelagic  flora.  Though  no  new  broad  fact 
affecting  our  knowledge  of  the  general  distribution  of  the 
pelagic  Algae  emerges  from  the  present  employment  of  this 
method  of  estimation,  it  is  plainly  a  good  method,  and  after 
more  extended  use  will  give  increase  of  knowledge. 

The  extensive  work  of  Prof.  Schmitz  of  Greifswald,  in 
preparation  for  his  forthcoming  book  on  the  Flomdece ,  has 
been  so  eagerly  and  conscientiously  performed,  as  exhibited 
in  a  series  of  short  papers  the  most  recent  of  which  are 
grouped  under  (7),  that  no  student  can  fail  to  admire  it.  So 
far  as  his  system  of  the  Flondece  has  been  disclosed  to  us, 
it  is  distinguished  by  the  special  weight  he  has  attached  to 
very  minute  characters,  and  in  some  minds  there  is  a  mis¬ 
giving  that  this  weight  is  of  undue  gravity,  since  it  appears 
to  exclude  characters  of  greater  prominence,  but  possibly 
less  stability — that,  in  short,  there  is  some  danger  of  his 
system  tending  towards  an  artificial  one.  There  may  be 
something  in  such  a  misgiving,  and  certainly  characters  are 
none  the  better  for  being  minute,  but  from  intimate  know- 
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ledge  of  Dr.  Schmitz’s  methods,  and  of  his  published  work, 

I  think  those  who  take  this  adverse  view  are  at  all  events 
not  justified  in  their  fears  by  the  past,  and  ought  to  reserve 
them  until  the  publication  of  Dr.  Schmitz’s  book.  No  one 
can  deny  his  extraordinary  skill  and  sound  judgment  in 
the  discrimination  of  obscure  forms,  and  most  British  phyco- 
logists  are  personally  indebted  to  him  for  the  exercise  of 
these  gifts.  In  his  Kleinere  Beitrage  the  most  interesting 
of  the  short  papers  is  a  discussion  of  the  systematic  position 
of  the  Bangiacecz  called  forth  by  Prof.  Johnson.  In  the  first 
cited  of  the  papers  on  genera  of  Floridece ,  that  devoted  to 
Lophothalia ,  Dr.  Schmitz  disentangles  a  peculiarly  difficult 
systematic  puzzle  and  founds  four  new  genera,  viz. :  Wrigh- 
tiella ,  Murray ella ,  Lophocladia ,  and  Wilsoncea.  He  clears 
up  a  like  obscurity  in  his  paper  on  Microthamnion  J.  A g.  = 
Seirospora  Harv.  Dr.  Heydrich,  whose  paper  I  have  placed 
next,  also  describes  a  new  genus  of  much  interest  with 
Schmitzian  precision. 

To  return  to  Dr.  Schmitz’s  studies  of  genera,  the  most 
interesting  of  all  is  his  paper  on  Actmococcus ,  in  which  he 
engages  in  a  polemic  with  Reinke.  The  subject  is  the 
existence  or  not  of  this  vexed  genus.  Schmitz  in  his  list 
of  genera  of  Floridece  records  Actinococcus  as  a  good  genus, 
and  Reinke  in  his  Algenflora  der  zvestlichen  Ostsee  recognises 
it  also  on  the  ground  of  letters  received  from  Schmitz.  Now, 
however,  Reinke  has  become  doubtful  of  the  independence 
of  Actinococcus ,  and,  as  he  puts  it,  “in  agreement  with  the 
majority  of  phycologists  ”  is  inclined  to  see  in  this  genus 
only  the  nemathecium  of  Phyllophora  Brodicei.  This  was 
certainly  a  daring  deed  of  Reinke,  since  on  just  such  a  point 
as  this  I  fancy  most  phycologists  would  consult  their  safety 
by  agreeing  with  Schmitz,  in  whose  particular  line  of  work 
the  matter  certainly  comes.  Dr.  Schmitz  exhibits  talents 
of  debate  as  well  as  resources  of  knowledge  in  the  discus¬ 
sion,  and  the  majority  of  phycologists,  wherever  they  may 
have  stood  before,  must  now  be  convinced.  The  phrase 
about  this  “  majority  ”  evidently  has  rankled  and  has  borne 
fruit  in  a  return  compliment  about  “  ein  elegantes  Bilder- 
werk  ”  and  “elegante  Tafeln,”  which  admirers  of  Reinke’s 
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Atlas  will  know  where  to  place.  Such  things  may  be  sad, 
but  they  relieve  the  tedium  of  long  German  papers ! 

Mr.  Buffham’s  painstaking  work  (8),  so  modestly  set 
forth,  is  in  continuation  of  previous  discoveries  of  the  same 
kind.  British  phycology  is  much  indebted  to  him  for  this 
quiet  building  up  of  gaps  in  our  knowledge  of  the  Flondece, 
and  especially  of  their  antheridia. 

The  study  of  Caulerpa  pro  lifer  a ,  by  Dr.  Klemm  (9),  is 
so  much  more  physiological  than  phycological  that  I  need 
do  little  more  than  mention  its  existence  here.  Incident¬ 
ally  he  upholds  the  view  that  the  trabeculae  serve  principally 
to  maintain  the  external  form  of  the  organs  of  Caulerpa 
when  in  a  turgescent  condition.  This  is  the  view  generally 
ascribed  to  Janse  of  late  years,  but  of  course  it  has  always 
been  every  one’s  view  more  or  less,  except  Noll’s.  The 
latter  thinks  that  this  is  one  of  the  least  important  of  the 
uses  of  the  trabeculae,  which  he  regards  as  serving  the  plant 
in  the  conduction  of  dissolved  substances,  contending  that 
turgor  itself  takes  care  of  the  plant’s  stability.  Dr.  Klemm’s 
research  is  mainly  concerned  with  a  partial  study  of  the 
causes  of  form  development.  The  genus  affords  a  magnifi¬ 
cent  field  for  such  study,  since  it  contains  species  resembling 
in  their  outward  appearance  most  of  the  characteristic  types 
of  vegetation.  We  shall  all  be  much  better  acquainted  with 
the  forms  of  this  extraordinary  genus  when  Mrs.  Weber  van 
Bosse  has  completed  her  monograph  of  it  now  in  progress. 

Dr.  Lagerheim’s  interesting  paper  (10)  on  Rhodochy- 
trium ,  a  new  genus  he  has  discovered  inhabiting  a  com¬ 
posite,  Spilanthes ,  in  Ecuador,  favours  the  view  that  the 
Chytridiacece  are  allied  to  the  Protococcacecz,  rather  than  to 
higher  groups  of  Fungi.  Rhodochytnum  is  certainly  a  type 
of  interesting  life-history,  but  it  does  not  appear  to  bring 
Protococcacecz  and  Chytridiacece  morphologically  any  nearer 
than  the  species  of  Chlorocystis  investigated  by  Prof. 
Perceval  Wright,  Miss  Whitting  and  others.  However,  it 
is  a  fresh  instance  and  a  fresh  confirmation  of  an  opinion 
now  shared  by  many  cryptogamists.  Lagerheim  thinks  it 
not  improbable  that  Rhodochytrium  possesses  no  chlorophyll 
and  that  the  chlorophores  are  reduced  to  leucoplasts.  Starch 
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is  abundantly  present,  particularly  in  the  resting  sporangia. 
The  red  colouring  matter  occurs  in  the  form  of  oil  drops, 
and  the  colouring  substance  itself  he  thinks  is  hsematochrome 
or,  at  least,  something  nearly  related  to  it.  Though  this 
might  be  considered  indicative  of  the  presence  of  chlorophyll, 
it  is  to  be  remembered,  as  Lagerheim  states,  that  this 
substance  (or  something  like  it)  occurs  in  Fungi  which  have 
no  chlorophyll,  eg .,  the  Urechnece ,  Chrysochytnum ,  etc. 
Dr.  Lagerheim  does  not  appear  to  have  attempted  to 
reduce  the  hsematochrome  by  experimental  cultivation,  and 
thus  disclose  the  presence  or  absence  of  chromatophores,  as 
Schmitz  successfully  did  in  the  case  of  Hcematococcus, 
Chroolepus ,  etc.  One  feels  at  first  inclined  to  scout  relation¬ 
ships  on  physiological  grounds  such  as  this  link  would  estab¬ 
lish,  but  it  is  only  fair  to  remember  that  after  all  many  of 
the  differences  between  Protococcacece  and  Chytndiacece  are 
merely  physiological. 

I  must  content  myself  with  a  mere  chronicle  of  Dr. 
Klebahn’s  paper  (11)  on  genera  of  lower  Algae.  It  is  a 
valuable  one,  but  it  hardly  lends  itself  to  a  brief  account 
from  its  critical  systematic  character.  This  admirable 
monograph  (12)  of  the  homocystal  Nostocacece  is  the  sequel 
to  the  Revision  des  Nostocacdes  HMrocystdes  by  Bornet  and 
Flahault,  which  appeared  a  few  years  ago.  It  bears  all  the 
external  marks  of  supreme  care  in  the  text  and  beauty  of 
illustration  that  Bornet  and  Thuret  have  set  example  in,  and, 
when  the  book  is  put  to  the  test  of  use,  it  fails  in  no  way  to 
come  up  to  the  same  high  standard  in  its  solid  excellence  of 
workmanship.  In  order  to  be  in  a  proper  spirit  and  con¬ 
dition  of  mind  to  appreciate  this  monograph,  one  must  have 
tried  to  name  Oscillctriece,  and  to  arrange  a  collection  of 
them  without  it.  The  condition  of  the  group  was  chaotic, 
and  it  is  now  well  ordered.  M.  Gomont  has  conscientiously 
investigated  the  claims  to  stability  of  a  vast  number  of  types, 
and  has  done  this  part  of  the  work — the  most  valuable — in 
a  way  indicated  by  the  lists  of  species  excludendce  and  species 
inquirendce ,  almost  as  much  as  by  the  positive  evidence  of 
the  proper  part  of  the  monograph — its  species  and  synonymy. 
The  division  of  the  genera  into  sections  is  very  judiciously 
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done,  and  most  helpful  to  those  who  work  with  the  book. 
One  cannot  help  lamenting  that  absolute  as  well  as  relative 
measurements  of  size  should  be  held  to  be  a  character — and 
the  fashion  is  spreading  into  other  departments  of  crypto- 
gamic  botany.  One  knows  how  disastrously  it  has  worked 
in  species-making  of  Diatoms  (which  may  vary  to  the  extent 
of  half  their  size),  and  how  deadly  a  weapon  it  proves  in  the 
hand  of  a  rabid  species-maker  ;  but  in  the  present  case  no 
one  can  blame  M.  Gomont  for  any  abuse  of  the  character  of 
absolute  size — it  is  in  fact  kept  to  a  strictly  subordinate 
value.  M.  Gomont  has  merited  unreserved  congratulations. 

The  papers  grouped  under  (13)  are  systematic,  and  deal 
with  the  marine  Algae  of  the  Scandinavian  shores  of  the 
North  Sea  and  its  basins,  and  our  own  coasts  as  well.  They 
are  all  of  a  character  to  interest  students  of  British  phycology, 
since  the  Scandinavian  Algae,  when  not  identical  with  our 
own,  are  very  closely  allied.  Major  Reinbold’s  marine  flora 
of  Kiel  Bay  is  concluded  in  the  part  cited,  and  we  now  have 
a  critical  account  of  the  region  that  yielded  many  of  the 
interesting  plants  of  Reinke’s  Atlas  deutscher  Mecresalgen. 
Major  Reinbold  has  done  it  exceedingly  well,  and  his  dis¬ 
crimination  of  species  is  the  work  of  an  acute  and  enthusiastic 
specialist.  The  same  remark  applies  to  Foslie’s  study  of 
the  Norwegian  forms  of  Ceramium ,  a  genus  of  heart¬ 
breaking  tendency  to  vary.  The  students  of  British  Ceramia 
will  find  it  interesting  enough  to  provoke  criticism,  no  doubt, 
and  though  there  are  “  crowns  to  be  broke  ”  over  such 
matters,  the  contest  needs  an  audience  of  specialists.  The 
two  papers  by  Dr.  Gran  and  the  notes  by  Mr.  Batters  re¬ 
present  useful  work,  and  it  may  not  be  out  of  place  to  urge 
Mr.  Batters  onwards  with  that  systematic  account  of  the 
British  marine  Algae  which  he  is  engaged  upon,  and  so 
many  workers  are  waiting  for.  Such  notes  as  he  furnishes 
in  Grevillea  only  whet  the  appetite  for  the  complete  book. 

There  have  been  very  few  ‘‘published  sets”  of  Algae 
(14)  recently,  but  Mr.  Holmes’  fasciculi  are  always  welcome 
since  they  represent  his  industry  in  the  study  of  the  British 
marine  forms.  Much  the  best  of  all  published  specimens  of 
Algae  are  Wittrock  and  Nordstedt’s  fresh- water  sets,  and  no 
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less  than  four  of  these  have  recently  appeared  to  atone  for  a 
dormant  period. 

The  complaint  has  to  be  made  that  marine  published 
fasciculi  (of  several  authors)  are  too  exclusively  European 
with  the  single  exception  of  the  admirable  series  published 
by  Messrs.  Farlow,  Eaton  &  Anderson.  If  the  collectors 
at  the  Cape  or  in  our  Australasian  colonies  or  in  the  China 
seas  could  be  induced  to  follow  such  an  excellent  example, 
it  would  have  a  stimulating  effect  on  the  study  of  phycology 
in  Europe,  by  distributing  types  now  found  only  in  large 
collections  like  the  British  Museum,  Kew,  Dublin,  Harvard 
and  Paris. 
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JOTTINGS  FROM  RECENT  NEUROLOGICAL 

PROGRESS. 

WHEN  viewed  across  a  sufficient  interval  of  years  the 
chief  advance  in  the  neurological  knowledge  of  the 
century  with  whose  last  decade  we  now  move  will  likely 
enouoffi  be  held  to  he  among  facts  that  find  but  scanty  place 
in  the  physiological  annals  of  the  time.  If  by  hypnosis  we 
understand  all  that  is  really  true  in  the  domain  of  mesmer¬ 
ism,  animal  magnetism,  and  the  like,  few  discoveries  in 
neuro-physiology  can  take  rank  beside  the  revelation 
of  the  power  of  44  suggestion  and  of  the  manifesta¬ 
tions  obtainable  from  the  nervous  system  by  direct  or 
indirect  play  on  its  44  suggestibility  ”.  Through  these 
loom  nearer  the  approaches  to  a  vantage-ground  whence 
may  be  possible  a  less  cramped  survey  of  those  reser¬ 
voirs  and  channels,  which,  to  adopt  a  metaphor  from 
Hughlings  Jackson,  occupy  the  highest  altitudes  of  nervous 

conformation. 

In  other  fields  of  neurology,  where  science  starting 
earlier  has  fared  further,  a  soil  less  virgin  bears  a  growth 
less  rapid,  if  at  the  same  time  less  rank.  The  harvest 
yields  at  least  abundant  seed  for  present  sowing.  Physio¬ 
logical  research  is  not  of  nature  finite  in  the  sense  of  ever 
reaching  a  true  end.  There  are  chosen  by  the  workers 
more  or  less  arbitrary  halting-places  ;  from  these,  in  glanc¬ 
ing  back  at  the  thing  done,  they  see  most  clearly  the 
manifold  next  to  do.  A  “completed"  research,  unlike  the 
just  read  novel,  begets  desire  to  take  it  up  again.  The 
record,  even  if  not  nutrient,  is  stimulant  ;  but  the  re¬ 
cently  44  completed  researches,  to  inadequate  consideration 
of  which  the  following  few  pages  are  given,  can  well  lay 
claim  to  both  the  attributes. 

Just  prior  to  the  discovery  by  Fritsch  and  Hitzig  of  an 
excito-motor  region  in  the  cortex  of  the  brain  Goltz  had 
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succeeded  (1869)  in  demonstrating  by  excellent  experiments 
that  in  the  frog  many  reactions  commonly  ascribed  to  the 
highest  nervous  centres,  i.e.,  the  cerebral  hemispheres,  are 
really  referable  to  lower  (e.g. ,  bulbo-spinal).  These  latter 
remain  competent  for  the  reactions  even  when  the  higher 
have  been  eliminated  from  the  problem  altogether  by  abso¬ 
lute  removal.  The  scope  of  this  theme  Goltz  proceeded  to 
extend  to  mammalian  physiology.  He  studied  in  mammals, 
the  intrinsic  powers  of  the  spinal  cord  in  its  lowest  third, 
that  being  the  portion  most  readily  isolable  from  all  higher 
centres.  The  results  obtained  were  richly  instructive. 
They  revealed  a  plenitude  of  independent  spinal  function 
hardly  surmised  before,  still  less  admitted  as  doctrinal.. 
Some  wide  differences  lay  between  the  phenomena  observed 
in  the  amphibian  and  the  mammal.  One  of  these  consists, 
in  the  deep  prolonged  depression  of  function,  which  in  the 
latter  immediately  succeeds  infliction  of  the  tranma  ( e.g.y 
severance  of  the  spinal  cord).  In  Goltz’s  terminology 
“  shock”  is  much  greater  in  the  mammal,  more  inhibitions, 
are  set  up  and  they  subside  less  soon.  Minutes  in  the  frog 
become  in  the  dog  days.  With  faith  that  the  two  species, 
though  far  apart  in  the  vertebrate  scale,  are  both 
exponents  of  the  same  radical  principles  of  action,  driving, 
it  is  true,  a  system  more  complex  in  one  case  than  in  the 
other,  Goltz  finally,  in  1875,  began  an  attempt  to  deter¬ 
mine  the  possibilities  of  the  mammalian  bulbo-spinal  axis, 
(including  cerebellum)  as  a  separate  whole  apart  from 
cerebral  hemispheres  altogether.  The  reactions  of  the: 
dog  without  cerebrum  were  to  be  studied  as  had  been 
those  of  the  frog.  Great  experimental  difficulties  have: 
lain  in  the  way  ;  but  at  last  Goltz  has  been  in  a  posi¬ 
tion  to  place  on  record,  eighteen  months  ago,  observa¬ 
tions  carried  out  on  dogs  existing  for  long  periods  without 
cerebrum.1 

A  dog  without  cerebrum  moves,  sits,  rises  or  walks, 
unhindered  by  noticeable  paralysis  ;  he  is  indeed  prone  to 
wander  restlessly,  and  in  his  course  takes  heed  of  obstacles 
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and  avoids  them.  At  night  he  sleeps,  curled  up  as  is  the 
mode  with  normal  dogs.  To  awake  him  a  loud  sound,  eg., 
the  bray  of  a  bicycle  horn,  is  requisite.  It  is  easier  to 
awake  him  by  a  pat  on  the  flank,  and  to  this,  if  repeated,  he 
soon  answers  with  a  growl.  When  awake,  if  one  of  his 
feet  be  taken  he  tries  to  escape  much  as  a  normal  dog 
will  try,  but  somewhat  awkwardly  ;  if  not  released  he  barks 
angrily  and  turning  his  head  bites  at  the  hand  holding  him, 
though  clumsily  missing  his  object  sometimes  widely  and 
biting  the  air.  If,  as  he  is  standing  quietly,  one  foot  be 
moved  into  a  strained  position,  it  is  at  once  withdrawn  and 
the  uneasy  pose  corrected.  When  placed  on  a  table,  in  the 
top  of  which  there  is  a  little  trap-door  so  that  one  of  his  feet 
set  on  the  trap  can  be  let  slowly  down  from  under  him,  he 
allows  the  foot  to  sink  a  little  way  and  then  withdraws  it 
smartly.  One  of  the  dogs  in  running  about  injured  a  hind- 
foot  ;  after  the  hurt  it  still  continued  to  roam  on,  but  limping 
with  three  legs  ;  that  is,  it  was  able  to  co-ordinate  movements 
quite  unusual  to  it.  With  these  dogs  when  a  light  draught 
of  air  through  a  tube  was  turned  upon  the  conjunctiva,  the 
eye  blinked  and  the  head  was  turned  aside.  When  the 
draught  was  directed  to  the  ear  the  head  was  shaken. 
On  the  other  hand,  when  the  draught  was  turned  upon 
the  hair  of  the  feet  no  notice  was  taken,  although  a 
normal  dog  will  lift  the  foot  at  once  and  search  for  the 
disturbance. 

The  dog  can  feed  itself,  eating  solid  food,  crunching 
bones  and  lapping  up  milk  or  water ;  but  to  start  its 
feeding  the  muzzle  has  to  be  dipped  into  the  dish.  Food  is 
not  sought  for,  yet  if  feeding  time  be  deferred  the  dog 
begins  to  show  signs  which  seem  to  indicate  impatience  ; 
he  begins  to  move  quickly  about  his  cage,  and  rears  himself 
against  the  bars,  putting  up  his  fore-paws  on  the  railing.  A 
little  quinine  (bitter)  added  to  his  sop  of  meat  and  milk  led  to 
the  morsels,  after  being  taken  into  the  mouth,  being  without 
hesitation  rejected.  None  were  ever  swallowed,  although 
directly  an  undoctored  piece  was  given  it  was  swallowed  and 
apparently  with  relish.  Goltz  threw  to  his  own  house-dog 
a  piece  of  the  same  doctored  meat.  The  creature  wagged 
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his  tail  and  took  it  greedily  enough,  then  pulled  a 
wry  face  and  hesitated  astonished  ;  but  he  swallowed  it. 
Perhaps  he  deemed  it  not  seemly  to  appear  ungrateful 
to  the  giver  and  reject  the  otherwise  fair  gift.  He 
overcame  his  instinct  and  by  his  self-control  gave  proof 
of  the  intact  cerebrum  he  possessed.  A  dog  without 
cerebrum  after  the  usual  quantity  of  food  has  been  taken 
invariably  refuses  to  take  more.  The  animal  seems  to 
know  when  appetite  is  appeased.  As  regards  power  of 
sight,  the  sudden  flash  of  a  bright  light  was  evidently 
noticed,  for  the  gaze  was  turned  immediately  in  the  direction 
of  the  light. 

In  spite  of  this  high  degree  of  motility  and  of  reaction 
to  sensory  impressions,  defects  were  also  present  to  ex¬ 
tremely  marked  extent.  The  patting,  or  stroking,  or  the 
offer  of  food,  so  pleasurable  to  a  normal  dog,  and  responded 
to  so  readily  by  a  wag  of  the  tail  or  other  signs  of  friend¬ 
ship,  elicited  from  the  dog  without  cerebrum  no  reaction 
whatsoever,  or,  at  most,  a  growl  in  reply  to  being  touched. 
He  paid  no  heed  to  the  barking  or  the  playful  advances 
of  his  companions  in  the  kennel.  The  whip  held  threaten¬ 
ingly  before  him,  though  he  could  see  it,  did  not  make 
him  cower.  If  after  being  washed  he  was  left  undried 
he  shivered  but  did  not  attempt  to  shake  or  lick  the  water 
off  himself.  One  dog  which  was  under  observation  a  year 
and  a  half  never  learned  during  all  that  time  to  remember 
that  being  lifted  from  the  cage  at  noon  was  but  a  prelimi¬ 
nary  to  his  midday  meal.  He  always  struggled,  resisting 
the  removal  and  trying  to  bite  the  servant  who  lifted  him 
and  fed  him.  A  normal  dog  after  feeding  usually  licks  the 
top  of  his  nose  once  or  twice,  and  if  a  piece  of  butter  be 
stuck  on  the  nose  the  dog,  relishing  the  butter,  will  by 
repeated  licking  soon  clear  it  all  away.  The  dog  without 
cerebrum  after  feeding  invariably  licked  the  top  of  its 
nose  once  or  twice,  as  does  a  normal  dog,  and  if  butter  were 
stuck  on  its  nose  the  tongue,  in  licking  the  nose,  got  some 
of  the  butter,  which  was  then  swallowed  apparently  with 
relish,  yet  though  much  butter  remained  within  reach  on 
his  own  nose  the  creature  never  repeated  the  manoeuvre 
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to  obtain  it.  Further,  it  was  noticeable  that  in  feeding  the 
fore-limbs,  though  used  apparently  so  perfectly  for  progres¬ 
sion,  were  never  employed  as  by  a  normal  dog  to  steady  a 
bone  being  gnawed. 

In  some  actions  the  dog  without  cerebrum  returns  to  the 
instinct  of  the  new-born  puppy.  Goltz  writes  that  signs  of 
anger  and  discomfort  were  frequently  evinced,  but  never  the 
slightest  expression  of  any  pleasure.  Sleep  was  prolonged, 
but  never  broken  by  any  signs  of  dreaming,  such  as  are 
common  within  the  normal  dog. 

It  is  clear  that  Goltz  considers  he  is  studying  in  the  rest 
of  the  central  nervous  system  after  cerebrum  is  gone  re¬ 
actions  linked  to  a  sort  of  lower  consciousness  intermediate 
between  “  ruckenmarkseele  ”  and  full  consciousness  of  the 
whole  system  in  integrity.  He  speaks  of  still  existent, 
althouo-h  blunted,  sense  of  contact,  vision,  taste,  etc.  But  it 
must  be  remembered  that  there  are  centripetal  impressions 
which  cause  reactions  unaccompanied  by  consciousness,  and 
some  of  the  so  caused  reactions  are  extremely  complex.  To 
one  who  studies  the  working  of  the  central  nervous  system 
by  experimentation  upon  lower  animals  the  signalling  code, 
through  which  he  reads  replies  to  his  questions,  rests  almost 
solely  on  skeletal  musculature.  The  motor  reactions  yielded 
by  Goltz’s  dogs  display  a  wealth,  variety  and  complexity 
highly  important  to  remember  when  applying  such  terms  as. 
“motor”  “sensory”  to  the  functions  of  the  hemispheres. 
But  how  far  were  there  with  those  reactions  concomitant 
0-77/xeZ a?  How  far  were  the  diverse  answers  paralleled  by 
changing  states  of  consciousness  ?  How  far  is  it  permissible 
to  describe  them  in  terms  associated  with  sensation  ?  rapaa- 
creL  rovs  av6 pdirovs  o v  ra  7rpay/xara,  aWa  ra  7 rept  rcov  irpay- 
piOLT  ojv  hoy  para.  The  great  complexity  and  co-ordination  of 
function  that  still  remain  to  the  dog  without  cerebrum  are 
perhaps  well  realised  in  comparing  its  condition  with  that  of 
the  patient  anaesthetised  in  preparation  for  the  surgeons 
knife.  The  latter  is  unconscious,  and  it  is  evident  to  what 
a  different  depth  the  former  has  been  plunged.  The  patient 
on  the  operation  table  cannot  hear  or  see,  still  less  get  up 
and  walk;  when  his  eyeball  is  touched  his  lids  do  not  reply;. 
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though  he  breathes  and  his  heart  beats  the  muscles 
in  his  limbs  lie  slack  ;  amoeba  has  more  of  consciousness 
though  less  of  nervous  action.  Between  lowest  and 
high  nervous  action  stretches  a  realm  which  language, 
impotent  to  describe  it,  denominates  baldly  in  three 
zones,  Empfindung ,  Wahrnehmung ,  Vorstelhmg.  This 
domain  during  recovery  from  chloroform  is  in  the  space 
of  a  few  minutes  reacquired,  but  its  extent  is  vast.  The 
reactions  of  the  existences  banished  by  Goltz  to  life¬ 
long  wandering  therein  inform  us  of  its  nearly  unknown 
scenery  and  give  some  measure  of  the  huge  monotony. 
The  question  arises,  Which  zone  ?  Certainly  not  the 
ultimate. 

How  subtle  the  wealth  of  higher  reactions  lost  and  to 
how  large  a  degree  these  lie  obscured  from  our  observation 
in  the  laboratory  is  taught  by  Goltz’s  work  with  unique 
force.  The  work  emphasises  further  the  relatively  huge 
quantity  of  nerve-material  engaged  by  elaboration  of  the 
crowning  reactions. 

In  the  dogs  studied  by  Goltz  not  only  the  spinal  cord 
and  bulb  but  the  cerebellum  still  remained.  Those  dogs 
are  assuredly  not  too  harshly  entitled  “  imbecile  ”.  They 
lived  devoid  of  memory,  attention,  and  probably  of  all  pre¬ 
cision  of  sensation.  It  is  not  surprising  then  to  find  that 
from  his  observations  on  the  results  of  extirpation  of  the 
cerebellum  Luciani 1  should  gather  no  evidence  inferring  in 
it  the  “highest  level”  reactions  of  the  nervous  system. 
Eight  years  of  patient  investigation  lead  him  to  connect 
this  organ  almost  solely  with  muscular  innervation,  more 
especially  with  that  proceeding  via  the  so-called  “motor 
region  ”  of  the  opposite  cerebral  hemisphere. 

He  found  that  simple  severance  of  the  cerebellum  into 
its  two  lateral  halves  produces  barely  any  perceptible  effect 
upon  motility  and  none  whatever  on  sensation.  On  the 
other  hand  lesions  to  either  side  the  median  longitudinal 
plane  produce  remarkable  disorder.  Thus  after  simple 
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median  section  the  gait,  accurately  studied  by  an  ingenious 
device  of  the  experimenter,  after  some  temporary  disturb¬ 
ance  resembles  in  a  few  days  the  normal  gait  again.  He 
noticed  that  though  the  consequences  of  destruction  of  one 
lateral  half  are  severe,  the  further  removal  of  the  other  half 
hardly  at  all  aggravates  the  symptoms  except  to  make 
their  distribution  bilaterally  symmetrical  instead  of  chiefly 
unilateral.  Each  half  of  the  organ  depends  little  on  the 
other.  After  removal  of  one  lateral  half  the  dog  wheels  con¬ 
stantly  toward  the  opposite  side,  and  falls  frequently,  always 
toward  the  side  homonymous  with  the  lesion.  Its  move¬ 
ments  are  hindered  on  the  homonymous  side  by  want  of 
power  and  steadiness  in  the  contraction  of  the  muscles. 
Luciani  points  out  that  the  defective  innervation  of  the 
muscles  is  so  fundamentally  different  from  that  obtaining 
after  ordinary  spinal  or  cerebral  damage  that  the  terms 
paralysis  and  paresis  employed  for  the  latter  are  here  unde¬ 
sirable,  since  likely  to  confuse,  and  he  rejects  them  lest  the 
appreciation  of  the  profound  difference  be  hindered.  He 
therefore  in  his  description,  according  as  it  relates  to  the 
tonus  of  resting  muscles,  and  to  the  force,  the  steadiness 
and  the  mutual  co-operation  of  contracting  muscles,  speaks 
of  an  at oma ,  an  asthenia  and  an  astasia as  well  as  of  the 
ataxia  so  well  known.  Cerebellar  lesion  induces  all  of 
these  and  chiefly  on  the  homonymous  side.  Of  the  asthenia 
he  obtained  numerical  measurements  by  ingenious  employ¬ 
ment  of  a  dynamometer.  After  removal  of  one  lateral  half 
of  the  cerebellum  the  disuse  of  the  limbs  of  the  same  side 
was  in  some  animals  so  great  that  they  might  at  first  sight 
appear  hemiplegic.  In  the  dog  the  fore-limb  became  the 
more  ataxic,  the  hind-limb  the  more  asthenic.  Tremor 
accompanied  all  muscular  effort.  The  head  shook  when 
the  recumbent  animal  looked  up  on  being  aroused. 
During  progression  the  limbs  and  trunk  muscles  of 
the  homonymous  side  trembled  rhythmically.  In  the 

1  Luciani  uses  the  word  astasia  with  a  different  meaning  than  that 
given  it  by  clinicians.  He  denotes  by  it  want  of  steadiness  of  action  in  a 
muscle. 
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dog  the  prehensile  precision  of  the  neck  is  especially 
exercised  in  feeding  from  the  dish  on  the  cage  floor, 
and  it  was  then  that  oscillation  of  the  head  and  neck 
became  especially  violent.  Ablation  of  the  limb  region 
of  the  opposite  cerebral  hemisphere  did  not  reduce  but 
rather  aggravated  the  tremor,  as  also  the  asthenia  of  the 
muscles. 

Luciani  notes  as  an  important  distinction  between  the 
disturbance  due  to  ablation  of  the  limb  region  of  the  cerebral 
cortex  and  that  due  to  ablation  of  the  cerebellum,  that  in  the 
former  there  is  great  defect  of  tactile  and  muscular  sensation 
of  the  limb,  in  the  latter  these  are  not  obviously  interfered 
with.  “  Basta  toccare  leggermente,  in  qualsiasi  punto  della 
cute,  l’animale  operato  al  cervelletto,  mentre  e  intento  a 
cibarsi,  oppure  mentre  ha  gli  occhi  bendati,  perche  esso, 
con  qualche  movimento  reattivo,  mostri  subito  di  aver 
avvertito  il  contatto.  Basta  collocare  in  posizione 
incongrua  l’uno  o  l’altro  arto  dell’  animale,  perche 
subito  esso  reagisca  riponendo  l’arto  nella  posa  nor- 
male.  In  questo  gli  animali  scerebellati  si  comportano  in 
maniera  affatto  opposta  a  quelli  privati  di  una  porzione 
abbastanza  cospicua  delle  sfere  sensorio-motrici  della  cor- 
teccia  cerebrale.” 

Yet  the  large  command  of  motility  residual  in  absence 
of  even  the  whole  cerebellum,  and  of  the  “sfere  sensorio- 
motrici  ”  of  both  cerebral  hemispheres,  is  very  evident  in  the 
history  of  a  dog  observed  for  a  period  of  twelve  months 
following  on  those  ablations.  The  creature  swam  “  a  mera- 
viglia,”  keeping  its  head  up  from  the  water  in  normal 
fashion,  directing  its  course  to  right  or  left  or  straight 
forward  at  pleasure.  Compensatory  actions  play  a  great 
part  in  gradually  minimising  the  effects  of  the  disturbance. 
Thus  the  insecurity  of  gait  is  minimised,  as  Luciani’s 
tracings  demonstrate,  by  the  limbs  being  more  widely  spread 
and  a  wider  base  obtained  for  supporting  the  gravity  of  the 
body.  After  the  “irritation  symptoms”  due  to  still  active 
trauma  have  passed  off,  there  is,  Luciani  believes,  no  real 
restoration  of  the  actions  that  disappeared,  though  more  or 
less  compensation  is  obtained  by  means  of  other  actions. 
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One  of  the  chiefest  functions  of  the  cerebellum  is,  Luciani 
says,  to  exert  by  each  of  its  own  lateral  halves  on  the  so- 
called  motor  region  ( sfera  sensorio-motrice )  of  the  opposite 
cerebral  hemisphere  an  influence  comparable  with  the 
“  bracing”  action  exerted  by  the  centripetal  stream 
which  debouches  from  the  sensory  spinal  nerve-root  into 
the  anterior  cornu  of  the  spinal  cord,  and  maintains  in 
the  nerve-cells  of  the  latter  a  steady  gentle  discharge 
into  the  skeletal  muscles,  the  basis  of  the  reflex  muscular 
tone. 

As  to  the  details  of  the  labour  of  the  supreme  hemi¬ 
spheres  themselves,  it  may  be  said  that  Munk’s  researches 
in  this  subject  last  year  reached  a  standpoint  especially 
inviting  retrospection.  Of  all  the  experimenters  who  early 
followed  in  the  wake  of  Fritsch  and  Hitzig’s1  notable 
discovery,  Munk,2  with  the  exception  of  Hitzig3  himself, 
perhaps  alone  seized  and  described  the  phenomena  in  a 
way  which  has  not  since  required  fundamental  modification, 
or  indeed  any  modification  at  all  further  than  that  involved 
in  the  filling  in  of  detail.  He  from  the  first  (1877)  described 
the  cerebral  cortex  as  a  congeries  of  centres,  whose  spatial 
arrangement  has  sufficient  differentiation  to  allow  of  their 
being  grouped  topographically  in  terms  of  sensory  avenues 
by  which  each  group  lies  easiest  of  access.  Thus  the 
sehsphdre  or  group  of  centres  accessible  via  the  optic  nerve, 
the  horsphdre  accessible  via  the  auditory  nerve,  and  so  on. 
The  sphdre  is  excitable  not  only  indirectly,  e.g. ,  via  retina; 
stimuli  applied  to  its  intrinsic  fibres  are  efficient  and  elicit 
for  instance  definite  consensual  movements  of  the  eyeballs. 
Conversely  in  consequence  of  destruction  of  a  sphdre  specific 
sensory  reactions,  e.g.,  those  via  retina,  suffer  damage  or 
drop  out  entirely. 

For  Munk,  as  for  its  discoverer  Hitzig,  the  parietal 
region  of  cortex  whence  can  be  elicited  movement  of  the 

1  Du  Bois-Reymond’s  Archiv ,  1870. 

2  Ibid.,  1878. 

3  Untersuchungen  ueber  das  Gehir?i ,  Berlin,  1874. 
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limbs,  neck,  face,  etc.,  resembles  the  seh-  and  horspharen , 
differing  from  them  in  the  locality  and  quality  of  the  sensi- 
factory  surface  with  which  connected  rather  than  in  the 
intrinsic  quality  of  its  own  activity.  To  call  those  sensory 
and  this  motor  is  to  imply  between  them  a  contradistinction 
which  in  the  view  of  Munk  does  not  exist.  The  cortical 
limb  centre  is  one  elaborated  over  sensory  paths,  not  in  its 
case  paths  from  eye  and  ear  but  paths  from  skin  and  muscle 
and  joint  composing  the  limb  itself.  Just  as  the  sensory 
reactions  via  retina  suffer  in  consequence  of  sufficient 
damage  of  sehsphare ,  so  those  via  the  limb  suffer  in  conse¬ 
quence  of  sufficient  damage  of  the  limb  region,  in  what 
Munk  calls  the  gefuhl-sphdre  of  the  cortex.  Goltz,1 
obstinate  opponent  of  Hitzig  and  Munk  upon  many  points, 
so  far  was  early  at  one  with  them  and  with  Schiff,2  in 
drawing  attention  to  the  blunted  sensibility  of  the  limb 
ensuing  on  destruction  of  the  cortex  cerebri.  He  measured 
the  least  weight  which  applied  to  the  paw  induced  the  dog 
to  struggle  to  withdraw  it.  A  weight  of  ten  to  sixteen  on 
the  defective  side  answered  to  one  of  four  to  six  upon  the 
sound  ;  and  this  at  a  time  when  the  dog  had  so  far  re¬ 
covered  from  the  ablation  that  “  er  lief  und  sprang  wie  ein 
gesunder  Hund”.  The  sensory  end  organs  in  the  skin  and 
musculature  are  to  the  gefuhl-sphdre  as  those  in  the  retina 
to  the  sehsphare.  Just  as  motor  reactions  can  be  obtained 
in  the  eye  muscles  through  the  latter,  so  through  the  former 
motor  reactions  in  the  skeletal  musculature ;  these  latter 
had  indeed  been  discovered  altogether  prior  to  Munk’s 
work. 

Each  limb  area  in  the  gefuhl-sphdre  lies  in  especially 
close  touch  with  motor  nuclei  for  those  very  parts  whence 
spring  the  sensory  impressions  playing  upon  the  area  itself. 
How  greatly  its  sensory  ingoings  affect  its  motor  outgoings 
is  well  seen  in  the  experiments  by  Bubnoff  and  Heidenhain.3 
Thus  ;  a  stimulus  of  carefully  selected  strength  is  applied  to 

1  Pfliiger’s  Archiv ,  1876,  p.  9. 

2  Archiv  f  Exper.  Pathol .,  1875,  P-  I7 6- 

3  Pfliiger’s  Archiv,  1881,  p.  164. 
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a  point  of  cerebral  cortex  connected  with  movement  of  one 
of  the  fore-paws.  The  strength  of  stimulus  chosen  is  one 
just  insufficient  to  evoke  the  movement.  By  stroking 
gently  the  skin  of  the  paw  itself  the  inefficient  excitation  is 
made  at  once  efficient.  Again  ;  cortical  excitation  eliciting 
from  the  limb  muscles  a  contraction  of  definite  latency,  this 
latency  is  increased  two  or  three-fold  by  simultaneous  excita¬ 
tion  of  sensory  fibres  from  the  limb  itself.  These  easily- 
affected  centres  in  the  parietal  cortex  are,  so  to  say,  threaded 
upon  extensions  of  the  neuro-muscular  circuits  of  Charles 
Bell  (or  the  diastaltic  arcs  of  Marshall  Hall).  The  remark¬ 
able  extent  of  spatial  differentiation  of  these  extensions  of 
the  circuits  was  early  demonstrated  by  Ferrier  (1873).  The 
connection  of  the  cortex  with  the  neuro-muscular  circuits 
even  with  the  skeletal  is  however  far  from  being  equal  for 
them  all.  Munk  has  insisted  on  three  main  grades  of  tie  to 
be  distinguished.  Between  the  cortex  and  some  of  the 
circuits  he  doubts  the  existence  of  any  tie  at  all.  On  the 
other  hand,  Hughlings  Jackson  has  argued  for  connection 
between  cortex  and  each  and  every  circuit — of  course 
not  equal  intimacy  of  connection.  The  movements 
damaged  most  by  destruction  of  the  cortex  cerebri  are 
movements  fine  in  kind,  such  as  those  performed  by 
the  fingers  and  the  thumb.  Of  such  movements  some 
are  after  extensive  injury  to  the  gefuhl-sph'dre  never 
again  executed.  But  coarser  movements  such  as  those 
at  hip  and  shoulder  suffer  a  slight  derangement  which  is 
temporary. 

Munk  suggests  that  this  difference  is  due  to  the  finer 
movements  being  worked  through  cortical  centres  acting 
across  subcortical,  the  latter  of  themselves  sufficient  for 
coarser  co-ordinations  such  as  those  at  the  shoulder,  etc. 
Against  this  suggestion  is  the  known  directness  of  tie 
between  the  cortical  cells  and  the  segmental  spinal  centres 
via  pyramidal  tract.  The  cortical  centres  are  no  doubt 
connected  with  countless  cerebral  subcortical,  but  yet  we 
must  think  that  in  the  execution  of  fine  movements  the 
former  supervise  the  centres  of  lowest  level  directly,  not 
indirectly.  In  estimating  degree  of  impairment  of  move- 
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ment  in  a  limb  it  must  be  remembered  that  defect  is  easier 
found  in  the  fine  apical  parts  than  in  the  larger,  coarser 
proximal.  When  Dr.  Grace,  the  cricketer,  drives  two  suc¬ 
cessive  balls  to  the  off,  an  inch  less  or  more  in  the  luno-e 
forward  of  the  shoulder  is  probably  imperceptible  to  veteran 
players  in  the  field,  but  the  variation  by  a  small  fraction  of 
an  inch  in  the  turn  of  the  wrist  is  obvious  at  once  to  the 
least  practised  onlooker  ;  the  ball  in  consequence  takes  dif¬ 
ferent  direction  between  the  surrounding  fielders.  The 
impairment  of  movement  so  obvious  at  the  distal  joints  of 
the  limb  may  exist  at  proximal  also  but  be  undetected.  It 
is  precision  of  movement  of  limb  rather  than  apical  move¬ 
ment  of  limb  that  suffers.  Because  in  the  motion  of  apical 
parts  of  the  limb  the  role  played  by  precision  is  greater 
than  in  proximal,  apical  movement  appears  so  much  in¬ 
jured. 

In  result  of  lesion  of  the  gefuhl-sphare  one  derangement 
— a  corollary  naturally  consequent  in  the  view  held  by  Munk 
— is  very  clearly  exhibited  by  the  interesting  records  recently 
published  by  Mott.1  Mott  notes  that  the  impairment  of 
cutaneous  sensation  is  greater  at  the  apex  of  the  limb  than 
in  the  proximal  part  of  it.  Were  the  muscular  sense 
examined  in  suitable  patients  carefully  as  for  normal  persons 
by  Goldscheider  and  Waller,  it  would  probably  reveal 
increasing  deficit  in  a  centrifugal  direction  along  the  sejial 
portions  of  the  limb.  To  make  further  comparison  between 
limb  cortex  and  visual  cortex  one  might  say  that  the  apex 
of  the  limb  in  the  former  is  the  analogue  of  fovea  centralis  in 
the  latter.  Just  as  in  the  former  the  reactions  of  the  digits 
predominate,  so  in  the  latter  the  reactions  belonging  to  the 
fovea.  The  cortical  projection  of  the  thumb,  as  of  the  fovea; 
is  relatively  large.  By  such  comparison  becomes  clearer  the 
peculiar  importance  of  the  cerebral  cortex  for  the  “high 
level  ”  movements,  which  find  expression  chiefly  through 
the  instruments  of  precision,  the  apical  members  of  the  limb. 
It  is  the  reactions  of  these  members  which  will  suffer  in  the 
limb  as  in  the  retina  the  reactions  of  the  region  of  central 


1  Jour nal  of  Physiology,  January,  1894,  p.  464. 
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vision.  Among  centripetal  impressions  streaming  in  from 
the  limb,  as  from  the  retina,  are  many  unaccompanied  by 
parallel  subjective  process,  and  many  more  accompanied  by 
only  dim  subjective  states,  but  over  and  above  these  the 
cortex  sits  at  receipt  of  those  specific  perceptions  (wahrneh- 
mungen)  whence  the  fully  elaborated  “mental  pictures 
of  the  moment  ”  (vorstellungen).  Therefore  does  its 
absence  involve  defect  in  accuracy  of  sensation  and  of 
movement. 

In  describing  the  impairment  of  the  apical  movements 
of  the  limb  Munk  points  out  that  though  normally  the 
apical  movements  are  elicitable  both  individually  and 
as  parts  of  sequences,  after  destruction  of  the  “limb 
cortex  ”  movement  of  a  thumb  or  finger  is  no  longer 
elicitable  individually,  but  only  as  part  of  a  sequence ; 
the  sequence,  he  says,  then  runs  always  from  proximal  to 
distal  joints,  z.e.,  a  “  centrifugal  radial  sequence,”  to  follow 
Mercier.1 

Concerning  restoration  of  function  after  structural  injury 
to  the  central  nervous  system,  Munk,  like  Goltz,  rejects  the 
possibility  that  recovery  from  paresis  of  cortical  origin  is 
explicable  by  assumption  or  extension  of  correlative  func¬ 
tions  seated  in  the  cortex  of  the  opposite  hemisphere- 
Both  observers  lay  stress  on  the  suppression  of  defects 
under  occasions  of  mental  excitement  and  activity.  The 
paretic  dog  as  feeding-time  approaches  becomes  less  paretic 
(Goltz) ; 2  his  field  of  vision  reduced  by  occipital  lesion  be¬ 
comes  less  so  (Loeb)  ;3  “  Leidenschaftlich  erregt,  in  Angst 
und  Furcht  oder  gierig  nach  der  Nahrung,  lauft  der  Affe 
oder  geht  er  rasch  ;  und  dann  werden  schon  zu  derselben 
Zeit,  zu  welcher  beim  gewohnlichen  langsamen  Gehen,  das 
wir  vorhin  verfolgten,  die  unteren  Glieder  der  rechten 
Extremitaten  noch  passiv  geschleift  werden  und  der  Affe 
ofters  umfallt,  alle  Glieder  der  rechten  Extremitaten  activ 
derart  bewegt,  dass  der  Affe  ohne  zu  stolpern  oder  zu  fallen, 

% 

1  The  Nervous  System  and  the  Mind ,  London,  1888. 

2  Pfliiger’s  Archiv,  1883. 

8  Ibid.,  1884,  vol.  xxxiv.,  p.  67. 
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schon  vorwarts  kommt  ”  (Munk).1 2  The  cortex  may  thus  be 
likened  to  a  black  hot  ember  which  under  the  breath  of 
“  attention”  is  made  to  glow  at  one  point  or  another  ;  but, 
not  only  may  the  oxygen  stream  upon  it  be  now  more  now 
less,  there  affect  it  also  seasons  of  intrinsic  excitement,  when 
the  same  stimulus  will  make  it  glow  more  fiercely  than  at 
others.  Ruins  of  cell  groups  and  miserable  paucities  of  fibres, 
insufficient  to  awake  or  propagate  reactions  under  ordinary 
circumstances,  then  become  sufficient.  Of  similar  origin  may 
be  the  temporary  improvements  that  often  mercifully  break 
the  monotony  of  a  relentlessly  progressive,  at  least  never 
really  regressive,  chronic  nerve-disease.  The  condition  is 
akin  to,  though  it  includes  more  than,  mere  increase  of 
“  suggestibility  ”  :  normal  barriers  become  strengthened  as 
well  as  ways  more  easy. 

Among  the  disturbances  caused  by  cerebral  injury  a 
part  pass  rapidly  away.  These  “  hemmungserscheinun- 
gen  ”  or  inhibitions  are  due  to  irritation  radiating  from  the 
seat  of  trauma.  With  modern  aseptic  traumata  these 
irritative  disturbances  can  hardly  last  more  than  a  few  days. 
The  role  ascribed  to  them  has  probably  been  exaggerated. 
The  amount  of  true  return  of  function  has  probably  also  been 
over-estimated.  Improvement  of  symptoms  need  not  mean 
return  of  actions.  The  shoemaker,  who  after  Rolandic 
lesion  lost  power  in  the  hand,  and  was  unable  to  pick  up  his 
awl  betwixt  the  thumb  and  index,  after  a  time,  though  still 
unable  with  the  thumb  and  index ,  effected  the  same  thing* 
with  the  thumb  and  mediusA  Such  compensatory  actions 
attain  the  original  object  by  circuitous  route.  They  serve, 
according  to  Luciani,  in  manifold  instances  to  alleviate  the 
trouble  after  cerebellar  ablations.  Real  restitution  of  the 
original  action  seems  little  possible.  The  cells  of  the 
nervous  system  are  laid  down  in  certain  quantity  at  an 
early  epoch  of  embryonic  life  and  unlike  many  in  the  body 
are  “  without  power  to  add  to  their  number  ”.  Numerically 
their  installation  is  from  an  early  date  complete.  Removed 

1  Sitzungb.  d.  k.  pr.  Akad.  d.  Wiss.  Z.  Berlin ,  xxxix.,  p.  2. 

2  R.  Lepine,  Rev.  Mensuelle  de  Medec.  et  de  Chirurgie ,  1880,  p.  765. 
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or  destroyed  there  is  no  reproduction  of  more.  Their 
number  is  fixed,  but  individually  they  possess  enormous 
power  of  growth,  developing  through  a  long  period  (pro¬ 
bably  far  on  into  adult  life  of  the  organism)  both  in 
complexity  and  size.  The  length  of  some  of  the  slowly 
grown  cell  branches  is  more  suitably  measured  by  feet 
instead  of  the  thousandths  of  a  millimetre  used  with 
other  cells.  They  are  also  remarkable  for  their  length 
of  individual  life ;  in  a  centenarian  we  may  consider 
his  nerve-cells  have  led  unbroken  individual  existences 
for  more  than  a  hundred  years,  though  many  within  that 
time  have  probably  reached  their  span  and  quietly  “run 
down  ”. 

But  though  unable  to  produce  new  cells  the  nerve-cell 
is  able  to  reproduce  its  own  branches  when  they  have  been 
torn  through  or  otherwise  destroyed.  Like  the  bits  into 
which  Verworn1  tore  up  the  Radiolarian,  the  cell  portions 
containing  no  nucleus  enter  slow  degeneration  and  die 
( W allerian  degeneration) ;  but  that  containing  the  nucleus 
repairs  itself  and  reforms  a  perfect  cell.  It  grows  its  pro¬ 
cesses  again  and  with  a  tolerable  accuracy.  If  education  is 
related  to  the  throwing  out  of  new  “  dendrons  ”  and  “  col¬ 
laterals  ”  by  nerve-cells,2  some  cells  for  the  greater  part  of 
life  retain  a  power  not  merely  to  repair  a  cell  branch  but  to 
put  forth  new  twigs.  If  so,  a  part  of  the  mysterious 
restoration  of  function  following  destructive  lesions  of 
the  nervous  system  may  perhaps  be  due  to  actually 
new  structural  connections.  The  existing  nerve-cells 
may  not  merely  restore  some  of  the  old  lines  where 
broken,  but  push  out  communications  altogether  new. 
Fresh  combinations  thus  obtained  may  lower  or  heighten 
pre-existing  resistances  and  will  at  least  partially  rearrange 
them. 

Even  these  brief  annotations  will  have  sufficed  to 
indicate  how  difficult  at  present  to  describe  the  re¬ 
actions  of  the  cortical  regions,  without  in  the  description 

1  Pfliiger’s  Archiv ,  vol.  li.,  p.  i,  1892. 

2  Ramon-y-Caj al  Nuevo  conceptod.  /.  Histol.  d.  /.  Centros  Nerviosos , 
Barcelona,  1893. 
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implying  too  much  or  indicating  too  little.  Authorities 
who  represent  in  some  respects  the  poles  of  opinion  on 
cerebral  physiology,  nevertheless  agree  in  deprecating 
altogether  such  nomenclature  as  “motor  cortex,”  “sensory 
cortex  The  view  no  doubt  in  the  minds  of  all  has  been 
that  of  a  “through”  station,  “  diastaltic  ”  to  use  the  old 
terminology  ;  but  some  in  laying  stress  on  the  outcome  (on 
the  “expressions”  as  Waller  says)  have  briefly  used  the 
word  “motor”  (Ferrier),  while  others  laying  stress  on  the 
ingoings  (the  “impressions”)  have  briefly  written  “sensory” 
(Schiff).  For  all  this  difficult  aspect  of  the  subject,  and 
indeed  for  many  others,  the  reader  should  turn  to  the  lucid 
essay  by  Waller,1  a  critical  exposition  of  the  whole  matter 
and  the  best.  In  concluding  here  the  brief  notice  of 
Munk’s  experimental  observations  and  teaching  it  must 
however  be  remarked  that,  believing  the  occipital,  the  tem- 
porosphenoidal  and  the  Rolandic  regions  of  the  cortex  to 
be  of  co-equal  physiological  valency,  he  unlike  many  does 
not  exclude  from  the  Rolandic  region  the  “seat  of  con¬ 
sciousness  ”. 

An  interesting  point,  which  it  would  be  especially 
Interesting  to  hear  Munk  discuss,  though  nowhere  so  far  as 
I  know  does  he  allude  to  it,  is  the  long  difference  of 
latency  discovered  by  Schafer2  to  exist  between  the  reaction 
upon  the  same  muscles  as  obtained  from  the  occipital  or 
from  the  parietal  regions,  both  according  to  Munk  on  the 
.same  physiological  level. 

It  is  notable  that  the  activity  of  reactions  involving  the 
cortex,  if  we  examine  them  in  measure  of  sensation  (so  far 
as  that  is  possible,  i.e.,  by  least  observable  difference 
between  two  sensations),  increases  most  rapidly  for  stimuli 
nearest  to  liminal  intensity.  If,  taking  Munk’s  view  of  the 
Rolandic  cortex,  we  then  assume  the  Weber-Fechner  law 
holds  also  true  for  its  centrifugal  discharges,  these,  even  if 
forwarded  still  in  obedience  with  the  law  by  spinal  cells, 
wvill  when  arriving  at  muscle  evoke,  to  judge  by  the  curve 


1  Brain,  p,  329,  1892. 

2  International  Journal  of  Anatomy  and  Physiology ,  1888,  vol.  v.,  pt.  iv. 
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recently  obtained  by  Cybulski  and  Zanietowski,1  contrac¬ 
tion  following  a  quite  different  curve  of  ratio.  We  can 
never  therefore  expect  for  reactions  obtained  vice  the 
cortical  centres  that  the  quantities  of  muscular  work  re¬ 
sulting  out  of  them  (the  very  quantities  most  accessible  to 
measurement)  will  bear  a  ratio  to  stimulus  expressible  by 
the  well-known  logarithmic  curve. 

C.  S.  Sherrington. 


1  Pfltiger’s  Archiv ,  vol.  lvi.,  p.  45. 
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PURE  YEAST  AND  ITS  REEATIONS  TO 
BREWING  OPERATIONS. 

Hf  HE  practical  application  of  pure  yeast  in  the  brewery 
X  must  be  considered  to  date  from  the  year  1883, 
when  Professor  Hansen  first  introduced  a  pure  cultivation 
of  yeast  into  the  Carlsberg  Brewery  at  Copenhagen. 
Although  many  years  previously  a  method  had  been  de¬ 
scribed  by  Pasteur  for  the  purification  of  brewers’  yeast, 
this  method  had  for  its  object  merely  the  removal  of  bac¬ 
teria,  which  are  always  present  in  commercial  yeast.  In 
fact,  at  the  time  when  Pasteur  made  his  experiments,  it 
was  not  known  that  many  of  the  so-called  “diseases”  of 
beer  are  caused,  not  by  bacteria,  but  by  certain  races  of 
yeast,  which  are  now  commonly  spoken  of  as  “  wild  ”  types, 
and  it  is  indeed  to  Hansen  that  we  are  indebted  for  the 
discovery  of  this  fact.  Hansen  found  that  some  of  the 
commonest  “sicknesses”  to  which  beer  is  subject  are 
caused  by  these  objectionable  races  of  yeast  and  that  the 
development  of  these  was  actually  encouraged  by  the  treat¬ 
ment  proposed  by  Pasteur.  With  the  object,  therefore,  of 
eliminating  these  and  all  other  injurious  organisms,  the 
Danish  savant  not  only  devised  a  method  by  means  of 
which  it  was  possible  to  prepare  absolutely  pure  cultiva¬ 
tions  of  the  different  yeasts,  but  in  conjunction  with  Cap¬ 
tain  Kiihle  he  also  succeeded  in  devising  an  apparatus  for 
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the  propagation  on  a  commercial  scale  of  his  pure  yeast 
cultures. 

Hansen’s  system  consists  in  the  employment  of  a  single 
and  carefully  selected  species  of  yeast,  the  absolute  purity 
of  which  is  ensured  by  the  fact  that  it  is  grown  from  a 
single  cell. 

Before  a  pure  yeast  can  be  safely  introduced  on  a  large 
scale  into  the  brewery  it  is,  however,  necessary  to  make 
preliminary  trials  on  a  small  scale,  for  it  is  found  that  many 
of  the  innumerable  representatives  of  Saccharomyces  cere- 
visice  differ  widely  in  their  properties  and  that  a  variety 
which  gives  good  results  in  one  brewery  may  prove  unsatis¬ 
factory  in  another.  This  fact  alone  explains  many  of  the 
unsatisfactory  results,  which  were  at  first  obtained  with 
pure  yeast,  and  in  consequence  also  much  of  the  opposition 
which  was  brought  to  bear  on  the  Hansen  system. 

The  Carlsberg  Brewery,  in  which  Hansen  made  his 
experiments,  is  a  low  fermentation  (lager  beer)  brewery, 
and  it  is  therefore  natural  that  the  first  extension  of  his 
system  of  pure  yeast  should  have  been  in  breweries  of  the 
same  kind.  The  number  of  lager  beer  breweries  in  which 
pure  yeast  of  single  race  is  employed  has  steadily  increased 
from  year  to  year  and  is  at  the  present  time  very  consider¬ 
able  ;  and  the  success  of  the  application  of  such  yeast  to 
low  fermentation  brewing  is  now  very  generally  acknow¬ 
ledged  to  be  an  accomplished  fact. 

The  main  advantages  accruing  from  the  employment  of 
pure  yeast  of  single  race  are  (i)  the  possibility  of  effectually 
guarding  against  all  the  troubles  which  arise  from  the  pre¬ 
sence  of  foreign  organisms,  (2)  that  the  brewer  can  always 
depend  upon  having  a  yeast  constant  in  its  properties  and 
upon  obtaining  a  fresh  supply  of  the  same  yeast  as  soon  as 
his  store  yeast  shows  signs  of  contamination. 

It  is  obvious  that  the  above  advantages  should  apply 
with  equal  force  to  the  high  fermentation  system  of  brewing 
adopted  in  this  country,  and  to  a  considerable  extent  also  in 
some  continental  countries,  provided  at  least  that  a  single 
race  of  yeast  is  in  this  case  also  capable  of  exercising  the 
necessary  functions  of  ordinary  brewers’  yeast,  which  is 
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known  to  be  in  the  main  a  mixture  of  different  races  of 
yeast. 

The  employment  of  single  race  yeast  in  high  fermenta¬ 
tion  breweries  advanced  more  rapidly  abroad  than  in  this 
country,  and  the  Hansen  system  soon  gained  some  pro¬ 
minent  advocates  in  this  branch  of  the  brewing  industry. 
In  this  country,  on  the  other  hand,  brewers  have  been  slow 
to  benefit  by  Hansen’s  investigations  and  it  is  only  in  very 
few  breweries  that  a  fair  trial  of  pure  single  race  yeast  has 
been  made.  An  argument  that  is  frequently  urged  against 
the  application  of  the  Hansen  system  in  high  fermentation 
breweries  is  that  ordinary  brewers’  yeast  contains  different 
races,  certain  of  which  bring  about  the  principal  or  primary 
fermentation,  whilst  others  induce  the  secondary  or  cask 
fermentation,  and  that  a  single  species  of  yeast  is  incapable 
of  exercising  this  double  function. 

It  is  contended,  and  no  doubt  with  truth,  that  the  suc¬ 
cess  of  single  race  yeast  in  low  fermentation  brewing  cannot 
be  regarded  as  in  any  way  proving  that  single  race  yeast  is 
capable  of  giving  equally  good  results  in  high  fermentation 
breweries.  In  the  first  case  the  fermentation  is  carried  out 
at  a  very  low  temperature  and  the  beer  is  also  stored  at  a 
low  temperature,  and  under  these  conditions  sufficient  car¬ 
bonic  acid  gas  will  be  retained  to  render  the  beer  brisk. 
In  the  case  of  high  fermentation,  on  the  other  hand,  much 
higher  temperatures  prevail  and  a  true  cask  fermentation 
becomes  absolutely  necessary.  Otherwise  the  beer  will 
be  flat  and  will  be  in  a  condition  in  which  it  is  very  readily 
attacked  by  bacteria  and  wild  yeasts,  which  can  never  be 
absolutely  excluded  under  the  present  conditions  of  brewing. 
It  is  clear,  therefore,  that  the  question  of  the  application  of 
Hansen’s  system  to  high  fermentation  brewing  must  be 
considered  as  distinct  from  that  of  its  employment  in  lager 
beer  brewing. 

With  regard  to  the  actual  evidence  for  and  against  the 
use  of  single  race  yeast  in  English  breweries  it  will  be  seen, 
from  what  has  been  stated  above,  that  the  facts  which  have 
been  established  can  refer  only  to  a  very  limited  number  of 
breweries. 
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In  the  first  place  we  have  the  evidence  of  Messrs. 
Brown  and  Morris,  who  conducted  a  number  of  experi¬ 
ments,  extending  over  a  considerable  period,  at  Messrs. 
Worthington’s  brewery,  at  Burton-on-Trent.  As  no 
account  of  these  experiments  has  been  published,  it  is,  how¬ 
ever,  not  possible  here  to  do  more  than  record  the  negative 
result  arrived  at.  In  speaking  of  their  experiments,  Mr. 
Horace  Brown  recently  stated  that  “up  to  the  present  he 
had  not  been  able,  with  pure  yeast,  to  produce  a  beer  which 
would  pass  muster  in  every  respect”.1  Their  chief  difficulty 
appears  to  have  been  due  to  the  fact  that  they  did  not 
succeed  in  finding  a  yeast  which  gave  a  satisfactory  cask 
fermentation,  and  in  consequence  the  beers  soon  became 
unsound. 

On  the  other  side  we  have  the  experience  of  Mr.  W. 
R.  Wilson,2  at  Messrs.  Combe  &  Co.’s  brewery,  London, 
and  of  Mr.  C.  F.  Hyde  and  the  writer  at  Chester’s 3  brewery, 
Manchester.  At  the  former  brewery  pure  single  race  yeast 
has  been  employed  for  over  eighteen  months  and  at  the 
latter  brewery  for  nearly  the  same  length  of  time,  and  in 
both  cases  with  marked  success. 

It  has  been  argued  by  the  opponents  of  the  Hansen  sys¬ 
tem  that  where  a  beer  fermented  with  a  single  race  yeast  had 
undergone  secondary  fermentation,  this  has  been  due  either 
to  the  formation  of  maltose  through  the  diastatic  action  of 
the  hops 4  added  to  the  finished  beer  at  racking,  or  to  wild 
yeasts  which  it  is  impossible  to  exclude.  Wilson  has 
shown,  however  (Joe.  cit.\  that  beer  which  is  run  into 
sterilised  bottles  direct  from  the  Hansen  apparatus  under¬ 
goes  a  good  secondary  fermentation  and  that  the  latter  is 
brought  about  by  the  original  yeast  and  in  the  absence  of 
all  wild  yeasts.  In  the  case  of  Chester’s  pure  yeast  it  has 
also  been  proved  (Miller  and  Hyde,  loc.  cit.)  that  the 

1  Trans.  Inst.  Brewing,  vol.  vii.,  p.  ioi. 

2  The  Brewers'  Journal,  1892,  p.  527,  1894,  p.  49;  Trans.  Inst.  Brew¬ 
ing,  vol.  vii.,  p.  87. 

3  Trails.  North.  Eng.  Inst.  Tech.  Brewing,  yol.  iii. ,  p.  39. 

4  Van  Laer,  The  Brewers'  Journal,  1893,  P-  658. 
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secondary  fermentation  is  caused  by  the  pure  yeast  started 
with  and  that  the  traces  of  wild  yeast  which  cannot  be  ex¬ 
cluded  in  practice  play  but  an  insignificant  part.  This  is 
illustrated  in  the  following  table,  which  represents  one  of  a 
considerable  number  of  similar  experiments.  It  will  be 
seen  from  the  column  headed  “specific  gravity  ”  that  the 
secondary  fermentation  was  really  complete  after  nine  days’ 
forcing,  that  the  wild  yeast,  which  could  be  detected  by  the 
microscope,  had  produced  no  appreciable  effect  on  the 
gravity  of  the  beer  even  after  fifteen  days’  forcing,  and  that 
it  was  only  after  twenty-five  days’  forcing  that  its  effect  in 
lowering  the  gravity  was  noticeable.  In  these  experiments 
the  proportion  of  wild  yeast  which  gained  admittance 
through  the  unavoidable  contact  of  the  wort  and  beer  with 
the  atmosphere  was  too  small  to  produce  any  harmful  effect 
and  the  beer  remained  sound  to  the  end. 


BEER  PRODUCED  WITH  SINGLE  RACE  YEAST. 


Specific 

Gravity. 

Appearance  of  Sediment. 

Before  forcing 

i’oi9o 

After  forcing  6  days  at  33°C.  - 

roi  12 

Culture  yeast  fairly  healthy ; 
no  wild  yeast 

After  forcing  9  days  at  33°C.  - 

1  '0100 

Culture  yeast  granular  and 
shrivelled  ;  a  few  wild  yeast 
cells. 

After  forcing  15  days  at  33°C. 

1  '0100 

Culture  yeast  shrivelled;  many 
wild  yeast  cells. 

After  forcing  25  days  at  33°C. 

1  ‘0080 

Culture  yeast  shrivelled;  many 
wild  yeast  cells. 

It  should  be  stated  that  no  hops  were  added  to  the 
samples  of  beer  experimented  with  so  that  there  is  here  no 
question  of  diastatic  action. 

An  important  paper  on  secondary  fermentations  has 
been  recently  contributed  by  Professor  Van  Laer,1  who 
advocates  the  employment  of  “composite  yeasts,”  that  is  to 

1  Trans.  I?ist.  Brewing ,  vol.  vii.,  p.  55. 
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say  of  mixtures  of  different  varieties  of  yeast.  Van  Laer 
was  among  the  first  to  introduce  the  Hansen  system  into 
high  fermentation  breweries  in  Belgium,  and  after  meeting 
with  a  varying  degree  of  success  he  has  given  up  single 
race  yeast  in  favour  of  his  composite  yeasts.  He  has  not 
yet  published  the  method  by  which  he  prepares  his  pure 
composite  yeasts  but  he  appears  to  be  largely  guided  by  the 
composite  nature  of  ordinary  commercial  yeasts.  The 
purity  of  his  composite  yeasts  would  seem  to  apply  in  the 
main  to  their  freedom  from  bacteria,  although  dangerous 
wild  yeasts  are  also  presumably  excluded.  But  many 
varieties  which  are  generally  regarded  as  wild  yeasts,  and 
which  are  acknowledged  by  Van  Laer  to  be  highly  objec¬ 
tionable  when  used  alone,  are  regarded  by  him  as  necessary, 
in  that  they  “  complete  or  perfect  the  effect  of  other  yeasts  ” 
(loc.  cit .,  p.  64). 

In  discussing  secondary  fermentations  Van  Laer  dis¬ 
tinguishes  between  (a)  beers  with  dry  hops  added  at  rack¬ 
ing  and  (b)  beers  to  which  no  dry  hops  have  been  added. 
In  the  former  case  the  diastase,  which  Brown  and  Morris 
have  shown  to  be  present  in  hops,  exerts  a  hydrolytic 
action  on  the  carbohydrates  present,  producing  maltose 
which  readily  ferments,  and  the  secondary  fermentation  is 
thus  at  once  explained.  This  is  illustrated  by  the  following* 
table  taken  from  Van  Laer’s  paper  : — 


No. 

Nature  of  the 
Yeasts. 

Rotation  at  Time 
of  Bottling. 

Rotation  after  the 
After-fermentation. 

Difference  in 
Rotation. 

1 

Ei 

19'3 

I7’8 

i*5 

2 

E]  +  E4 

ig'o 

l6'2 

2  -8 

3 

Ej  +  E, 

19a 

J4’9 

4*2 

4 

L  +  E7 

197 

13-2 

6-5 

5 

Ea  +  E8 

i8’2 

i3'8 

4*4 

In  these  experiments  equal  quantities  of  the  primary 
yeast  Ex  were  added  to  five  samples  of  the  same  sterilised 
wort  and  to  four  of  these  samples  (Nos.  2,  3,  4  and  5)  were 
further  added  traces  of  the  yeasts  E4,  E5,  E7  and  Es.  The 
worts  were  fermented  at  a  temperature  of  20°C.  and  the 
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resulting  beers  were  decanted  into  bottles  containing  a 
small  quantity  of  dry  hops.  Six  days  after  bottling  the 
beer  No.  5  was  in  a  violent  fermentation;  No.  4  and  No. 
2  showed  a  very  slight  secondary  fermentation  whilst  the 
other  beers  were  flat.  After  eleven  days  No.  5  and  No.  4 
were  fermenting  excessively,  No.  2  and  No.  3  very  slowly 
and  No.  1  was  still  flat.  The  fermentation  of  No.  2  and  No.  3 
became  more  marked  during  the  following  days  but  did  not 
reach  the  intensity  of  No.  5  and  No.  4.  The  beer  No.  1 
only  showed  a  slight  fermentation  after  a  month.  At  this 
point  the  rotatory  power  of  the  beers  was  determined  and 
the  deposits  were  microscopically  examined  with  the  results 
shown  in  the  table. 

These  and  other  similar  experiments  lead  Van  Laer  to 
the  following  conclusions  : — 

“  (a)  When  dry  hops,  with  a  proper  diastatic  power,  are 
added  to  a  beer  at  racking,  and  if  the  after-fermentation  is 
not  opposed  by  any  mechanical  cause,  it  will  always  show 
itself  after  a  more  or  less  extended  period,  irrespective  of 
the  number  or  the  nature  of  the  yeasts  used  at  pitching. 

“  (b)  If  the  principal  yeast  is  mixed  with  even  very 
minute  quantities  of  yeast  found  in  the  deposits  of  beers 
that  have  undergone  an  after-fermentation,  the  latter  always 
shows  itself  quicker  and  with  a  greater  intensity  than  when 
the  beer  has  only  been  fermented  with  the  principal  yeast. 

“'(c)  The  intensity  of  the  after-fermentation  depends 
upon  the  nature  of  the  yeasts  mixed  with  the  principal 
yeast.  Some  give  rise  to  an  excessively  violent  fermenta¬ 
tion,  with  production  of  very  light  cells,  which  remain  a 
long  time  in  the  beer.  Others  produce  a  more  moderate 
secondary  fermentation  ;  among  the  latter  Saccharomyces 
some  very  heavy  caseous  yeasts  are  found,  which  the  carbonic 
anhydride  only  raises  with  difficulty.  It  is  usually  these 
which  produce  normal  secondary  fermentations.” 

The  question  of  secondary  fermentation  in  beers,  to 
which  no  dry  hops  or  no  diastatic  agent  has  been  added,  is, 
however,  of  greater  interest  and  importance  in  connection 
with  the  employment  of  pure  yeast.  It  would  in  fact 
appear  from  experiment  No.  1,  in  the  above  table,  that 
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where  the  secondary  fermentation  is  dependent  solely  upon 
the  diastase  of  the  hops,  the  result  is  really  very  far  from 
satisfactory,  and  that  neither  the  diastase  of  the  hops  nor 
the  wild  yeasts  which  they  also  contain  can  be  depended 
upon  to  give  more  than  a  very  feeble  and  unsatisfactory 
after-fermentation. 

It  has  been  shown  by  Morris  and  Wells1  that  when  a 
wort  is  fermented  by  a  single  race  of  yeast  “  a  certain  definite 
limit-attenuation  ”  is  attainable  and  when  this  is  reached  the 
fermentation  will  cease.  The  limit-attenuation  varies  with 
different  races  of  yeast.  When  a  mixture  of  yeasts  is  em¬ 
ployed  a  limit-attenuation  is  also  attained  and  in  this  case 
“  corresponds  with  the  limit-attenuation  of  the  lowest  type  ” 
present  in  the  mixture  (Van  Laer,  loc.  cit .,  p.  78). 

It  is  generally  acknowledged  that  there  are  many  yeasts 
which  are  unable  to  bring  about  any  secondary  fermenta¬ 
tion.  Such  yeasts  ferment  the  wTole  of  the  carbohydrate 
matter  which  they  are  able  to  decompose  during  the 
primary  fermentation  ;  the  limit-attenuation  is  thus  attained, 
and  in  the  absence  of  other  yeasts  capable  of  carrying  the 
fermentation  further,  or  of  diastase,  which  gives  rise  to  the 
formation  of  maltose  and  thus  renders  it  possible  for  the 
original  yeast  to  recommence  fermentation,  the  beer  will 
remain  flat.  On  the  other  hand  it  is  also  acknowledged 
that  races  exist  which  readily  ferment  the  free  maltose  of 
a  wort  but  only  slowly  decompose  certain  other  constituents 
(Van  Laer,  loc.  cit.).  I  his  latter  property  is  necessarily  of 
importance  in  the  selection  of  a  suitable  race  of  yeast  which 
has  to  effect  both  primary  and  secondary  fermentation,  and 
although,  as  shown  by  Van  Laer,  it  may  not  be  sufficient  to 
ensure  a  satisfactory  result  in  other  respects,  it  affords  an 
explanation  of  the  fact  that  it  is  possible  to  obtain  a  secon¬ 
dary  or  cask  fermentation  with  pure  yeast  of  single  race. 
In  the  case  of  such  yeasts,  the  limit-attenuation  can,  at  any 
rate  in  many  cases,  be  rapidly  reached  if  a  high  tempera¬ 
ture  (eg.,  30°C.)  is  maintained  during  fermentation,  but  under 
the  normal  conditions  obtaining  in  a  brewery  the  limit  is,  at 


1  Trans .  Inst.  Brewing ,  vol.  v.,  p.  133  ;  vol.  vii.,  p.  86. 
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least  in  the  case  of  certain  yeasts,  only  slowly  attained. 
Van  Laer,  however,  regards  as  true  secondary  fermenta¬ 
tions  only  such  as  are  produced  by  means  of  composite 
yeasts,  and  when  an  after-fermentation  is  obtained  with  the 
help  of  a  single  race  yeast  he  considers  it  to  be  “artificial  ” 
and  as  the  result  of  arresting  the  primary  fermentation  at  a 
certain  point.  He  regards  it  in  fact  as  the  completion  of 
the  primary  fermentation.  When,  however,  all  legitimate 
attempts  to  carry  the  primary  fermentation  to  the  limit- 
attenuation  fail,  it  is  difficult  to  understand  how  the  cask 
fermentation,  which  must  in  consequence  necessarily  take 
place,  can  be  called  artificial.  In  the  case  of  the  single  race 
yeast  employed  at  Chester’s  brewery,  the  writer  has  recently 
determined  the  limit-attenuation  and  found  it  to  coincide 
with  the  attenuation  attained  at  the  end  of  the  secondary 
fermentation  and  to  be  considerably  lower  than  is  reached  at 
the  end  of  the  primary  fermentation,  thus  affording  additional 
proof  that  the  after-fermentation  is  independent  of  diastatic 
action  or  of  accidental  contamination  by  foreign  yeasts. 

Van  Laer  describes  a  number  of  interesting  experiments 
illustrating  the  secondary  fermentations  obtained  with  mixed 
yeasts  of  known  composition.  The  following  example 
will  suffice  to  show  the  effect  produced  by  a  trace  of  a 
low  type  yeast  when  added  to  a  primary  yeast.  Two 
samples  of  the  same  wort  were  fermented,  one  with  the 
yeast  E2,  the  other  with  the  same  yeast  with  the  addition  of 
a  trace  of  the  yeast  E5.  After  fermentation  the  resulting 
beers  were  decanted  into  sterilised  bottles,  which  were  then 
hermetically  closed  and  exposed  on  the  forcing  tray  to  a 
temperature  of  30  C.  After  eight  days  the  rotatory  power 
of  the  beers  was  compared  with  that  found  at  the  time  of 
bottling,  the  difference  indicating  the  extent  of  the  secondary 
fermentation. 


Yeasts. 

Original  Rotary 
Power. 

Rotation  after 
Forcing. 

Decrease  in 
Rotation. 

Remarks. 

e2 

e2  +  e5 

I9'4 

T9*3 

0*1 

Flat. 

i9’o 

I5’7 

3*3 

In  good  con¬ 
dition. 
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If  the  so-called  secondary  yeasts  were  present  in  large 
proportion,  eg.,  twenty-five  per  cent,  of  the  total  yeast,  no 
secondary  fermentation  takes  place  (Van  Laer,  loc.  cit.). 
In  this  case  they  are  able  to  exert  their  full  activity  during 
the  primary  fermentation,  and  when  this  is  finished  the 
limit-attenuation  of  the  mixed  yeast  is  attained  and  conse¬ 
quently  no  after-fermentation  is  possible. 

The  above  and  other  similar  results  obtained  by  Van 
Laer  conclusively  proved  that  in  his  experiments  the 
secondary  fermentation  was  brought  about  by  the  so-called 
secondary  yeasts.  The  fact  that  the  latter  types  are  able 
to  carry  on  the  fermentation  of  cashed  beer  and  thus  take 
part  in  the  secondary  fermentation  has,  however,  long  been 
known  to  brewers,  and  the  fact  that  in  the  above  experi¬ 
ments  the  secondary  fermentation  is  brought  about  solely 
by  these  lower  types  merely  proves  that  under  the  condi¬ 
tions  adopted  by  Van  Laer,  his  principal  yeast  (E2)  had 
reached  its  limit-attenuation  with  the  completion  of  the 
primary  fermentation. 

Interesting  as  these  laboratory  experiments  are  they 
cannot  be  regarded  as  proving  that  the  same  holds  good 
in  practice.  Ordinary  brewers’  yeast  certainly  contains 
wild  or  secondary  types  and  these  are  seen  to  develop 
during  the  secondary  fermentation,  but  that  they  are  the 
sole  cause  of  the  latter  and  that  certain  of  the  principal 
yeasts  do  not  also  play  a  prominent  part  is  not  proved  by 
Van  Laer’s  experiment. 

The  chief  objection  which  has  been  raised  to  the  employ¬ 
ment  of  composite  yeasts  is  that  it  is  practically  impossible 
to  maintain  that  constancy  of  composition  which  is  neces¬ 
sary  in  order  to  ensure  uniform  results  in  the  brewery. 
In  a  mixed  yeast  one  variety  is  liable  to  develop  with 
greater  vigour  than  another,  so  that  after  a  few  fermenta¬ 
tions  the  yeast  will  have  a  different  composition  and  conse¬ 
quently  different  properties  from  those  which  it  originally 
possessed.  According  to  V an  Laer  this  is  by  no  means 
necessarily  the  case,  and  constancy  of  composition  may  be 
maintained,  owing  to  the  higher  fermentative  energy  of  one 
species  over  another  being  counterbalanced  by  a  more 
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feeble  coefficient  of  reproduction.  This,  however,  requires 
further  confirmation,  for  according  to  Jorgensen,1  Van 
Laer’s  composite  yeasts  do  not  maintain  the  constancy  of 
composition  claimed  for  them.  In  connection  with  this  it 
is  necessary  to  prove  not  merely  that  the  different  varieties 
of  primary  yeasts  maintain  their  relative  proportions  during 
a  series  of  fermentations  but  that  the  traces  of  secondary 
yeasts  which  Van  Laer  maintains  to  be  necessary  likewise 
remain  constant. 

It  would  appear,  for  instance,  highly  probable  that  the 
latter  types  being  present  only  in  very  minute  quantity 
might  readily  become  crowded  out  during  the  vigorous 
primary  fermentation  in  which  they  are  acknowledged  to 
play  but  an  insignificant  part,  and  that  the  wild  yeasts  pre¬ 
sent  in  the  atmosphere  will  quickly  take  their  place.  If  this 
should  prove  to  be  the  case,  it  is  evident  that  the  character 
of  the  secondary  fermentation  will  be  largely  a  matter  of 
chance  and  will  depend  upon  the  number  and  nature  of  the 
wild  yeasts  present  in  the  atmosphere.  Until  Van  Laer  is 
able  to  bring  forward  some  experimental  evidence  that  this 
is  not  the  case,  his  statement  that  his  composite  yeasts 
maintain  their  uniformity  in  composition  will  certainly  be 
regarded  with  scepticism. 

Finally,  a  question  of  considerable  importance  has 
reference  to  “the  immunity  as  regards  wild  yeasts,”  which 
Van  Laer  claims  for  “beers  fermented  with  certain  sym¬ 
biotic  mixtures  of  Saccharomyces  L  He  describes  a  com¬ 
parative  experiment  in  which  wort  was  fermented  in  one 
case  with  an  ordinary  composite  yeast,  and  in  the  other 
with  a  single  race  yeast,  whilst  the  surrounding  atmosphere 
contained  “legions  of  wild  ferments”.  The  beer  obtained 
with  the  ordinary  yeast  behaved  in  a  normal  manner,  whilst 
that  fermented  with  the  single  race  yeast  remained  flat  for 
about  a  fortnight  and  then  “commenced  to  re-ferment  with 
intense  energy”.  In  this  experiment,  the  single  race  yeast 
employed  was  a  variety  which  confessedly  gave  no  after¬ 
fermentation  and  in  consequence  left  the  beer  flat  and  in  a 


1  Trans.  Inst.  Brewing ,  vol.  vii.,  p.  95. 
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condition  favourable  for  the  development  of  the  wild  fer¬ 
ments.  An  experiment  of  this  kind  thus  affords  no  argu¬ 
ment  against  single  race  yeasts  in  general.  At  the  same  time, 
however,  it  cannot  be  denied  that  some  varieties  possess  a 
greater  power  of  resisting  infection  than  others.  This  has 
in  fact  been  shown  by  Hansen  to  be  the  case  and  Van  Laer 
proves  that  the  same  holds  good  for  composite  yeasts. 

In  conclusion,  it  cannot  yet  be  claimed  that  the  question 
of  the  successful  application  of  pure  yeast  in  English 
breweries  has  been  definitely  solved.  In  view  of  the  dif¬ 
ferent  character  of  the  beers  produced  in  different  parts  of 
the  country,  no  general  conclusions  can  be  drawn  until  pure 
yeast  has  been  tried  in  a  considerable  number  of  breweries. 
At  the  same  time  the  success  of  single  race  yeast  in  a  few 
breweries  is  undoubtedly  of  importance,  proving  its  applica¬ 
tion  for  certain  classes  of  beers,  and  this  result  should  there¬ 
fore  encourage  many  brewers  to  give  the  Hansen  system  a 
fair  trial. 


A.  K.  Miller. 


ELECTROSYNTHESIS. 


IN  the  year  1800,  Nicholson  and  Carlisle  found  that  when 
a  galvanic  current  was  made  to  pass  through  water, 
this  compound  was  decomposed  into  its  elements,  oxygen 
and  hydrogen.  The  experiment  excited  a  great  amount  of 
attention  at  the  time,  and  numerous  observations  were  at 
once  made  on  the  subject  of  electrolysis,  or  decomposition 
by  means  of  the  electric  current.  These  culminated  in  the 
researches  of  Davy,  who  seven  years  later  made  his  brilliant 
discovery  of  the  alkali  metals,  sodium  and  potassium.  On 
the  theoretical  side,  the  study  of  electrolysis  was  equally 
fruitful,  for  it  led  to  the  foundation  of  the  electrochemical 
theory  of  Berzelius,  which  for  more  than  a  quarter  of  a 
century  held  the  field  to  the  practical  exclusion  of  all  others. 
According  to  this  theory  the  bonds  uniting  the  various 
components  of  chemical  compounds  were  of  electrical  origin, 
and  each  compound  could  be  resolved,  in  theory  if  not  in 
practice,  into  an  electropositive  constituent  and  an  electro¬ 
negative  constituent.  These  components  again  might  each 
be  resolved  into  electropositive  and  electronegative  parts, 
until  the  atoms  themselves  were  reached.  The  decom¬ 
position  was  in  many  cases  effected  practically  by  the  electric 
current.  Thus  a  solution  of  potassium  sulphate,  which  was 
supposed  to  consist  of  electropositive  potash  K20,  and 
electronegative  sulphuric  acid  SOs,  is  actually  decomposed 
electrolytically  into  potash  and  sulphuric  acid,  which  travel 
to  the  opposite  poles  of  the  battery.  Potash  again,  when 
electrolysed,  splits  up  into  electropositive  potassium  and 
electronegative  oxygen,  the  potassium  going  to  the  nega¬ 
tive  pole  and  the  oxygen  to  the  positive  pole. 

This  mode  of  viewing  chemical  compounds  was  of  great 
value  in  systematic  chemistry,  and  possibly  to  it  we  owe 
the  first  example  of  electrosynthesis,  although  the  true 
nature  of  the  phenomenon  was  not  at  the  time  recognised. 
Kolbe  in  1849  subjected  an  aqueous  solution  of  potas- 
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sium  acetate  to  electrolysis,  and  found  that  methyl  (ethane) 
was  one  of  the  products.  Now,  the  formation  of  this  sub¬ 
stance  was  quite  in  accordance  with  the  chemical  theory  of 
that  day  which  regarded  acetic  acid  as  a  paired  compound 
of  methyl  and  oxalic  acid.  Using  the  chemical  symbols  with 
their  modern  value,  we  should  write  Kolbe’s  acetic  acid 
thus  :  C2H6*C2H402.  It  was  expected  that  when  this  was 
decomposed  by  electricity,  the  acid,  which  always  plays  the 
part  of  an  electronegative  constituent,  would  travel  to  the 
positive  pole,  and  the  methyl  to  the  negative  pole.  But 
oxygen,  due  as  was  then  supposed  to  the  direct  electrolytic 
decomposition  of  water,  always  appeared  at  the  positive 
pole,  so  that  the  oxalic  acid  which  was  there  liberated 
would  be  liable  to  oxidation  ;  and  since  oxalic  acid  is  a 
readily  oxidisable  substance  it  might  be  expected  that  its 
oxidation  product,  carbonic  acid,  would  appear  in  its 
place,  which  was  in  fact  found  to  be  the  case.  But  besides 
these  gases,  methyl,  or  as  we  now  say,  ethane,  was 
also  evolved  at  the  same  pole,  in  direct  contradiction  of 
the  above  theory  of  the  constitution  of  acetic  acid,  accord¬ 
ing  to  which  the  ethane  should  have  appeared  at  the 
opposite  pole.  From  this  pole  only  hydrogen  was  lib¬ 
erated.  We  shall  presently  see  the  modern  way  of  ex¬ 
plaining  the  reaction,  but  it  is  of  some  importance  to 
understand  the  older  mode  of  conceiving  the  process  which 
went  on  at  the  positive  pole,  for  it  led  to  the  erroneous 
notion  that  the  formation  of  synthetical  products  there  was 
due  to  oxidation,  an  idea  which  has  not  yet  been  wholly 
abandoned,  although  all  recent  work  on  the  subject  is  at 
variance  with  it. 

At  the  present  day,  and  on  the  basis  of  the  researches 
of  Faraday  and  Hittorf,  we  conceive  the  phenomenon  of 
the  passage  of  an  electric  current  through  an  electrolytic 
solution  somewhat  as  follows.  Whilst  in  a  metallic  con¬ 
ductor  the  electricity  flows  through  matter,  in  an  electro¬ 
lytic  conductor  it  flows  with,  and  is  carried  by,  matter.  We 
imagine  a  continuous  double  procession  of  particles  carrying 
electricity  between  the  two  poles  or  electrodes,  the  particles 
with  negative  electricity  moving  towards  the  positive 
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electrode,  and  the  particles  with  positive  electricity  moving* 
towards  the  negative  electrode.  These  particles,  or  ions, 
are  charged  with  definite  amounts  of  electricity,  all  particles 
of  the  same  kind  having  the  same  charge.  For  our  present 
purpose  we  are  not  concerned  whether  the  particles  always 
exist  in  the  solution  in  the  electrically  charged  condition,  or 
whether  they  merely  assume  that  condition  under  the  in¬ 
fluence  of  the  current :  all  that  we  need  consider  is  that  the 
ions  arrive  charged  at  the  electrodes  and  there  lose  their 
charges.  In  a  salt  solution  the  metallic  radical  carries  the 
positive  electricity,  and  the  acid  radical  the  negative  elec¬ 
tricity.  Thus  in  a  solution  of  common  salt,  Na  Cl,  we 

+ 

have  the  positive  ion,  or  cation,  Na,  and  the  negative 
ion,  or  anion,  Cl.  As  long  as  the  ions  retain  their  charges 
they  must  be  looked  upon  as  being  different  in  many  re¬ 
spects  from  the  corresponding  uncharged  atoms  or  groups 
of  atoms.  When,  however,  they  are  discharged  at  the 
electrodes  they  regain  their  ordinary  chemical  character¬ 
istics  and  enter  into  the  appropriate  reactions.  If  they  are 
capable  of  existing  in  the  free  state  after  discharge,  they 
will  be  liberated  as  such  ;  or  they  may  react  with  each 
other,  with  the  water  in  which  they  are  dissolved,  with  the 
material  of  the  electrode,  etc.  By  suitable  choice  of  con¬ 
ditions  we  may  favour  any  of  these  possible  modes  of 
action  at  the  expense  of  the  others. 

Let  us  now  consider  the  case  of  potassium  acetate  in¬ 
vestigated  by  Kolbe.  The  formula  we  ascribe  to  this 

+ 

compound  is  CHyCOOK,  and  it  will  yield  the  ions  K  and 

■  •  -t- 

CHyCOO.  The  ion  K  on  discharge  at  a  platinum  elec¬ 
trode  at  once  shows  a  characteristic  property  of  potassium 
by  reacting  with  the  water  of  the  solution,  with  formation 
of  potassium  hydroxide  and  liberation  of  hydrogen — 

2K-  +  2H20  =  2K0H  +  H, 

When  the  anion  is  discharged  at  the  positive  electrode, 
also  constructed  of  platinum  in  Kolbe’s  experiment,  it  can 
react  either  with  the  water,  or  with  itself,  according  to  the 
equations — 


304 


SCIENCE  PROGRESS. 


I.  2CH3-C00-+H20  =  2CH3-C00H  +  0 

II.  2CH3-C00*  =  CH3-CH3  +  2C02. 

In  equation  I.  the  products  of  the  action  are  acetic  acid 
and  oxygen,  in  equation  II.  they  are  ethane  and  carbon 
dioxide,  as  Kolbe  found. 

It  is  evident  that  if  we  wish  to  favour  the  second  action 
at  the  expense  of  the  first,  we  must  so  arrange  the  con¬ 
ditions  that  the  ions  when  they  are  discharged  are  as 
closely  packed  as  possible  in  order  that  they  may  have  an 
opportunity  of  acting  on  each  other  instead  of  on  the  water 
of  the  solution.  This  is  best  effected  by  having  a  concen¬ 
trated  solution  and  a  small  anode.  In  a  strong  solution 
there  are  a  great  many  carriers  of  the  electricity  and  when 
these  arrive  and  are  discharged  at  a  comparatively  small 
surface,  they  apparently  react  together  in  preference  to 
acting  on  the  water  molecules  in  their  neighbourhood. 

Kolbe  found  that  other  products  besides  ethane,  oxygen, 
and  carbon  dioxide  appeared  at  the  anode.  The  chief  of 
these,  indeed  the  only  one  whose  existence  has  been  con¬ 
firmed  by  other  observers,  is  methyl  acetate.  Its  forma¬ 
tion  can  easily  be  explained  through  the  equation — 

III.  2CH3COO-  -  ch3-coo-ch3  +  C02. 

Here  again  two  discharged  ions  react,  but  now,  how¬ 
ever,  they  only  lose  one  molecule  of  carbon  dioxide  instead 
of  two  as  before.  This  product  is  never  met  with  in 
considerable  quantities. 

There  is  still  another  possibility  of  reaction  between 
two  discharged  ions,  which,  from  the  nature  of  the  case,  is. 
only  encountered  when  we  are  dealing  with  acids  con¬ 
taining  a  greater  number  of  carbon  atoms  in  the  molecule 
than  acetic  acid.  Thus  from  the  potassium  salt  of  isova¬ 
leric  acid  (CH3)2CH*CH2*COOK  Kolbe  obtained  not  only 
diisobutyl  (CH3)2CH*CH2‘CH2'CH(CH3)2  (eq.  II.)  but 
also  large  quantities  of  an  unsaturated  hydrocarbon  (CH3)2 
CH  :  CH2,  the  formation  of  which  is  expressed  by  the 
equation — 

IV.  2  (CH3)2  CHCH/CO<>  =  (CH3)2  CH-CHyCOOH  + 

(CH3)2CH  :CH2+  C02. 
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Beyond  the  two  hydrocarbons,  ethane  and  diisobutyl, 
synthetised  by  Ivolbe,  only  two,  viz. ,  butane  and  diisoamyl, 
have  been  made  since  his  time  by  electrosynthesis,  and  it 
is  only  quite  lately  that  the  method  has  received  any 
further  extension. 

In  the  case  of  dibasic  acids,  no  synthetic  action  has 
been  found  to  take  place,  the  chief  product  being-  always 
an  unsaturated  hydrocarbon.  For  example,  from  potassium 
succinate,  ethylene  is  obtained,  the  equation  for  the  decom¬ 
position  at  the  anode  being  as  follows  : — 


CHyCOO* 

CHyCOO 


CH 

CH 


2  +  2C02 


When,  however,  instead  of  the  dipotassium  salt  of  a 
dibasic  acid,  the  potassium  ethyl  salt  is  taken,  one  of  the 
carboxyl  groups  becomes  electrolytically  inactive,  and  the 
salt  behaves  virtually  as  the  salt  of  a  monobasic  acid. 
Thus  Crum  Brown  and  Walker  found  that  potassium 
ethyl  succinate  yielded  on  electrolysis  a  synthetic  product 
which  proved  to  be  diethyl  adipate.  The  action  is  re¬ 
presented  by  the  equation — 

2  COOEf  (CHa)yCOO=COOEr (CH2)yCOOEt  +  2COa, 

which  is  quite  analogous  to  equation  II.  Now  diethyl 
adipate  can  easily  be  converted  into  potassium  ethyl  adipate, 
and  the  electrolysis  repeated  ;  this  gives  us  a  new  synthetic 
product,  namely,  diethyl  sebate  in  the  same  series  of  acids, 
thus — 

2  COOEr(CHa)4-COO-=COOEf(CHa)8-COOEt+2  COa, 

so  that  here  we  have  a  means  of  passing  synthetically  from 
one  acid  to  a  higher  member  of  the  same  series,  and  can 
therefore  ascend  the  series  until  the  method  breaks  down, 
a  limit  which  has  not  yet  been  reached. 

The  following  table  shows  the  acids  which  have  been 
prepared  electrosynthetically  in  this  way.  It  will  be  ob¬ 
served  that  in  the  synthesis  the  group  of  atoms  between 
the  terminal  carboxyl  groups  (COOH)  is  simply  doubled, 
the  electrosynthetic  products  being  always  symmetrical. 
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Acid  Corresponding  to  Potassium  Ethyl  Salt 
Electrolysed. 


Malonic 

COOH-(  CH2  )-COOH 

Succinic 

COOH-(  CHo  )2-COOH 

Glutaric 

COOH-(  CH2  )„-COOH 

Adipic 

COOH*(  CH2  )4  COOH 

Suberic 

COOH-(  CH2  VCOOH 

Sebacic 

COOH-(  CH2  )8-COOH 

Acid  Obtained  by  Electrosynthesis. 

Succinic  COOH*(  CH2  )2-COOH 

Adipic  COOH'(  CH2  VCOOH 

Suberic  COOH*(  CH2  )6,COOH 

Sebacic  COOH-(  CH2  )8*COOH 

Dicarbododecanic  COOH*(  CH2  )12*COOH 

Dicarbodecahexanic 

COOH-(  CH2  )16-COOH 


Methylmalonic  COOH-(CHMe)-COOH 
Dimethylmalonic  COOH'(  CMe2  )*COOH 

Ethylmalonic  COOH-(  CHEt)-COOH 


Dimethylsuccinic1  COOH'(CHMe)2*COOH 
Tetramethylsuc- 

cinic  COOH-(  CMe2  )o*COOH 

Diethylsuccinic1  COOH*  ( CHEt  )2*COOH 


Camphoric  COOH-(  C8H14)’COOH  |  Camphothetic  COOH’(  C8H14  )2*COOH 

1  Two  isomerides  of  the  symmetrical  dialkylsuccinic  acids  were  obtained  in  each 

case. 


The  diethyl  salts  of  the  acids  tabulated  are  not  the  only 
products  of  the  electrolysis.  Besides  them  there  are  formed 
the  ethyl  salts  of  monobasic  unsaturated  acids  by  a  reaction 
analogous  to  that  expressed  by  means  of  equation  IV. 
The  formation  of  these  unsaturated  ethereal  salts  always 
takes  place  to  some  extent,  but  is  especially  noticeable  in 
the  case  of  the  acids  with  lateral  branches,  where  the 
quantity  produced  is  quite  considerable.  In  the  case  of 
dimethylmalonic  acid,  for  example,  we  have  the  ethyl  salt 
of  methylacrylic  acid  CH2 :  CMe’COOEt  formed  according 
to  the  equation — 

COO-  COOH 

2CH3-CMe-COOEt  =  CH3CMeCOOEt 
^  +  CH  2:  CMe-COOEt-f  C02. 

Whether  the  formation  of  complex  ethereal  salts,  by  an 
action  of  the  type  indicated  by  equation  III.,  takes  place, 
is  a  question  which  has  not  yet  been  investigated. 

It  is  not  every  potassium  ethyl  salt  of  a  dibasic  acid 
that  will  yield  an  ethereal  product  on  electrolysis.  In 
fact,  all  the  experience  hitherto  acquired  seems  to  indicate 
that  only  saturated  unsubstituted  acids  of  the  fatty  series 
(including  saturated  rings)  are  capable  of  resisting  the 
oxidising  action  at  the  anode,  cf.  equation  I.,  sufficiently  to 
permit  the  formation  of  ethereal  compounds.  Hydroxy- 
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acids,  ethoxy-acid^,  chloro-acids,  bromo-acids,  unsaturated 
acids,  and  aromatic  acids  have  all  been  tried,  but  instead 
of  yielding  synthetic  products,  or  unsaturated  compounds 
formed  in  accordance  with  equation  IV.,  they  only  yield 
oxidation  products,  of  a  nature  depending  on  the  chemical 
characteristics  of  the  acid  electrolysed.  The  removal  of 
hydrogen  from  a  compound,  or  the  introduction  in  its  stead 
ol  chlorine,  bromine,  or  a  partially  oxidised  radical,  seems  to 
offer  a  point  of  attack  for  the  active  oxygen,  which,  even 
in  the  most  favourable  circumstances,  is  always  produced 
at  the  anode,  the  whole  molecule  being  then  destroyed  with 
formation  of  carbon  monoxide,  carbon  dioxide,  aldehydes,, 
unsaturated  hydrocarbons,  etc. 

The  effect  of  various  external  conditions  on  the  reactions 
taking  place  at  the  anode  has  been  investigated  by  T.  S. 
Murray,  who  subjected  the  electrolysis  of  potassium  acetate 
solutions  to  an  exhaustive  examination.  He  found  that  the 
concentration  of  the  solution  and  the  size  of  the  anode 
exercised  an  influence  on  the  electrosynthesis  precisely  in 
accordance  with  the  view  expressed  on  p.  304.  With  a 
solution  containing  0*5  per  cent,  of  potassium  acetate,  the 
ethane  produced  was  only  equal  to  0*3  per  cent,  of  that 
theoretically  obtainable  from  the  current ;  with  a  2  per  cent, 
solution,  the  yield  had  increased  to  over  50  per  cent.,  and 
with  a  60  per  cent,  solution,  it  reached  80  per  cent,  of  the 
theoretical  amount.  The  effect  of  current  strength  was 
similar  but  not  so  marked.  A  current  of  0*045  amperes 
gave  a  yield  of  25  per  cent.,  a  current  of  0*6  amperes,  69 
per  cent.,  and  a  current  of  5*2  amperes,  81  per  cent.  The 
size  of  the  anode  is  of  great  importance  in  determining  the 
quantity  of  synthetic  products  formed.  With  a  current  of 
2  amperes,  and  the  surface  of  the  anode  100  times  greater 
than  the  surface  of  the  cathode,  the  yield  of  ethane  was  27 
per  cent,  of  the  theoretical  amount :  with  the  same  current 
but  the  electrodes  reversed,  so  that  the  former  anode 
became  the  cathode,  and  vice  versa ,  the  yield  rose  to  88 
per  cent.  The  highest  yield  obtained  in  any  case  was  91 
per  cent.  The  temperature  of  the  solution  greatly  affects 
the  action  at  the  anode.  Thus,  other  conditions  being  the 
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same,  the  yield  of  ethane,  which  at  o°  was  83  per  cent.,  sank 
to  57  per  cent,  at  65°,  and  12  per  cent,  at  95°. 

Murray  also  investigated  the  amount  of  oxygen  liberated 
under  different  conditions,  and  this  placed  him  in  a  position 
to  calculate  the  extent  of  oxidation  occurring  in  each  case. 
He  arrived  at  the  result  that  under  the  conditions  which, 
according  to  the  oxidation  theory  of  the  synthesis  at  the 
anode,  would  be  most  favourable  for  complete  oxidation  to 
take  place,  there  occurred  precisely  the  least  amount  of 
complete  oxidation.  The  oxidation  theory,  too,  is  quite 
incompetent  to  account  for  the  formation  of  methyl  acetate 
from  the  acetic  acid,  and  indeed  the  assumption  that  ethane 
itself  is  formed  by  the  oxidation  of  acetic  acid  is  one  quite 
without  an  analogue  in  organic  chemistry.  The  assumption 
•on  the  other  hand  that  the  discharged  ions  interact  directly, 
accounts  for  the  formation  not  only  of  ethane,  but  of  all  the 
-other  products  which  have  been  observed. 

Further  confirmation  of  the  latter  view  is  to  be  had 
from  the  recent  work  of  S.  P.  Mulliken,  who  electrolysed 
the  sodium  salts  of  compounds  of  the  type  of  malonic  ether. 
Malonic  ether  is  scarcely  to  be  regarded  as  a  true  acid,  but 
it  yields  a  compound  EtO’CO'CHNa‘CO‘OEt  which  is 
derived  from  it  by  the  replacement  of  one  of  its  hydrogen 
atoms  by  an  atom  of  sodium.  When  the  sodium  atoms  of 
two  molecules  are  removed  by  an  agent  such  as  iodine, 
the  residues  unite  with  formation  of  the  tetrethyl  salt  of 
ethanetetracarboxylic  acid,  thus — 


COOEt  COOEt 

CH  ;Na  +  I2  +  Na  Cl  1 
COOEt  COOEt 


COOEt  COOEt 
=  CH-  CH  +  2  Nal 
COOEt  COOEt 


Now  the  ions  formed  by  the  sodium  salt  are — 

Na  and  COOEt 
CH*  . 

COOEt 


The  negative  ion  on  electrolysis  of  the  solution  will  be 
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discharged  at  the  anode,  leaving  an  uncharged  residue 
which  combines  with  a  similar  one  from  a  neighbouring 
ion,  thus — 


COOEt  COOEt  COOEt  COOEt 
CH-  +  *CH  -  CH  -  CH 

COOEt  COOEt  COOEt  COOEt 

* 

precisely  as  in  the  iodine  synthesis. 

As  the  sodium  compounds  of  malonic  ether  and  similar 
bodies  are  decomposed  by  water,  it  is  necessary  to  conduct 
the  electrolysis  in  alcoholic  solution.  The  resistance  of 
such  a  solution  is  very  high,  so  that  the  current  used  by 
Mulliken  did  not  exceed  0*3  amperes,  the  rate  of  produc¬ 
tion  of  the  synthetic  product  being  therefore  in  this  case 
very  slow. 

In  the  aqueous  solutions  employed  by  Crum  Brown 
and  Walker,  the  current  may  be  easily  allowed  to  rise  to 
5  amperes  in  an  ordinary  platinum  crucible  if  adequate 
cooling  arrangements  are  provided,  so  that  several  hun¬ 
dred  grams  of  ethereal  products  may  be  obtained  even 
with  a  single  apparatus  in  the  course  of  a  day  or  two’s 
work.  The  yield  is  very  satisfactory,  reaching  in  ordinary 
practice  to  over  half  that  theoretically  possible.  This 
method  of  electrosynthesis  is  by  no  means  yet  exhausted 
and  will  doubtless  yield  interesting  results  in  the  future. 

Thus  far  we  have  used  the  term  synthesis  in  the  sense 
usually  adopted  by  organic  chemistry,  namely,  to  express 
the  linking  together  of  carbon  atoms  which  were  originally 
separate  from  each  other.  In  a  more  extended  sense  the 
term  may  be  employed  to  denote  the  linking  together  ol 
any  two  similar  atoms.  Thus  corresponding  with  the 
synthetic  action  of  iodine  on  the  sodium  salt  of  a  carbon 
compound,  alluded  to  on  p.  308,  we  have  a  precisely  ana¬ 
logous  action  of  iodine  on  the  sodium  salt  of  a  sulphur 
acid,  two  sulphur  atoms  being  thereby  linked  together 
which  originally  belonged  to  different  molecules.  Sodium 
thiosulphate  NaOSOySNa,  is  acted  upon  by  iodine  with 
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formation  of  sodium  tetrathionate  and  sodium  iodide,  the 
action  being  expressed  by  the  equation — 


NaOSOySNa  +  I2  +  Na|SS020Na 
N aO * S O  S •  S * S O  O N a  +  2  Nal. 


An  apparently  very  similar  synthesis  by  means  of  electro¬ 
lysis  has  been  performed  by  H.  Marshall,  who  found  that 
a  concentrated  aqueous  solution  of  potassium  hydrogen 
sulphate  KHS04  when  electrolysed  yielded  at  the  anode 
a  new  compound,  potassium  persulphate  K2S208.  In  all 

probability  the  ions  in  a  strong  solution  of  potassium 

+  - - 

hydrogen  sulphate  are  K  and  HO'SOyO*,  so  that  at  the 
anode  we  have  on  the  discharge  of  the  negative  ion  the 
following  synthetic  action  : — 


H0-S030-  +  -0-S030H  =  H0-S0y0*0-S0y0H. 


The  persulphuric  acid  thus  formed  falls  out  of  the  solu¬ 
tion  as  potassium  persulphate,  which  is  only  slightly  soluble 
under  the  conditions  of  experiment.  We  cannot  state  with 
certainty  that  the  scheme  given  above  represents  the  pro¬ 
cess  of  formation  of  persulphuric  acid,  as  we  are  as  yet  too 
little  familiar  with  the  reaction,  but  in  any  event  the 
electric  current  has  here  brought  into  existence  a  more 
complex  compound  from  a  simpler  one,  and  we  are  thus 
entitled  to  regard  the  case  as  an  interesting  and  novel 
electrosynthesis. 
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GLYCOGEN. 


IT  is  nearly  fifty  years  ago  that  Claude  Bernard  dis¬ 
covered  glycogen,  or  animal  starch,  and  of  all  his 
epoch-making  researches  there  is  probably  none  which  has 
been  of  such  far-reaching  importance,  or  the  foundation  of 
so  many  subsequent  investigations.  The  distribution  of 
glycogen  in  the  liver,  muscles  and  foetal  structures  ;  the 
methods  of  obtaining  it  from  those  tissues  ;  the  chemical 
and  physical  characters  of  the  purified  material  ;  all  these 
points  have  been  and  still  are  to  be  found  described  and 
discussed  in  current  physiological  literature.  No  year 
passes  but  what  something  is  added  to  our  knowledge  of 
glycogen,  but  even  now  the  fundamental  questions  that  go 
to  the  root  of  the  whole  matter  are  still  subjects  for  dispute. 
These  fundamental  questions  are  two  in  number,  namely  : 
From  what  is  glycogen  formed?  and  what  is  the  ultimate 
fate  of  glycogen  ? 

I  propose  in  the  following  article  to  describe  certain 
recent  work  on  the  subject  ;  this  has  more  particularly  con¬ 
cerned  itself  with  answering  the  second  of  the  two  questions. 
To  trace  all  the  vicissitudes  through  which  the  theories  of 
the  fate  of  the  hepatic  glycogen  have  passed  would  be  a 
tedious  and  thankless  task  ;  the  general  tendency  of  late 
years,  howrever,  has  been  to  return  once  more  to  Claude 
Bernard’s  original  teaching  that  glycogen  is  what  its  name 
professes  it  to  be,  the  mother  substance  of  sugar. 

Before,  however,  passing  to  the  consideration  of  the  fate 
of  the  hepatic  glycogen,  it  will  be  convenient  first  to  state 
the  case  with  regard  to  its  origin.  Bernard  considered  that 
proteid  food  was  the  source  of  glycogen  in  the  liver  ;  Pavy, 
on  the  other  hand,  supposed  that  it  was  from  carbohydrate 
food  alone  that  glycogen  was  derived.  As  is  usually  the 
case  in  physiological  investigations  where  there  are  two 
opposite  theories,  the  truth  is  ultimately  found  to  lie  some¬ 
where  between  them,  and  the  view  usually  accepted  at  the 
present  day  is  that  both  varieties  of  food  may  act  as  sources 
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of  glycogen.  The  glycogen  is  most  abundant  after  carbo¬ 
hydrate  food  ;  but  it  also  occurs  in  animals  kept  on  a  pro- 
teid  diet.  In  the  latter  case  it  must  originate  by  complex 
intra-protoplasmic  or  metabolic  changes.  In  the  former 
case  it  is  probably  a  storage  of  reserve  carbohydrate,  and 
the  chemical  processes  involved  are  simpler.  C.  Voit  and 
his  pupils  (i)  have  taken  up  this  subject  and  by  experi¬ 
ments  on  rabbits  and  hens  investigated  what  forms  of  car- 
bohydrate  may  be  stored  up  in  the  liver  as  glycogen.  The 
hepatic  glycogen  was  first  reduced  to  a  minimum  by  a  few 
days’  inanition.  Large  doses  of  different  sugars  were  then 
given,  the  animal  killed  and  the  estimation  of  the  glycogen 
performed  either  by  BrUcke’s  or  Kulz’s  method. 

Dextrose,  levulose,  cane  sugar  and  maltose  increased 
the  glycogen  ;  lactose  and  galactose  did  not,  or  only  very 
slightly.  In  the  alimentary  canal  cane  sugar  is  inverted, 
equal  parts  of  dextrose  and  levulose  being  formed  from  it. 
Maltose  undergoes  a  corresponding  hydrolytic  change,  two 
molecules  of  dextrose  being  formed  from  it.  The  liver,  in 
other  words,  forms  glycogen  from  those  sugars  which  are 
converted  into  dextrose  and  levulose  before  they  reach  it. 
In  fact,  these  appear  to  be  the  only  forms  of  sugar  which 
when  present  in  the  blood  lead  to  a  storage  of  glycogen  in 
the  liver  ;  when  subcutaneously  injected  the  hepatic  glyco¬ 
gen  rises  in  amount.  No  other  form  of  sugar  behaves  in 
this  way.  In  regard  to  levulose  (a  ketone)  a  point  still 
unsettled  is  whether  the  liver  cells  form  glycogen  from  it 
direct,  or  after  previously  changing  it  into  the  corresponding 
aldehyde,  dextrose.  E.  Fischer’s  researches  would  indicate 
that  the  latter  possibility  is  not  improbable  ;  moreover  the 
action  of  the  cells  of  the  mammary  gland  in  converting 
dextrose  into  lactose  is  somewhat  analogous. 

Questions  of  this  kind  derive  practical  importance  be¬ 
cause  the  subject  of  glycogen  forms  the  starting-point  for 
the  consideration  of  the  pathological  condition  called  dia¬ 
betes,  and  F.  Voit  (2)  carried  on  the  research  on  a  diabetic 
patient,  who  was  taking  restricted  diet,  and  the  amount  of 
sugar  in  whose  urine  was  thus  reduced  to  a  low  ebb.  On 
one  occasion  100  grammes,  on  another  150  grammes  of 
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milk  sugar  were  administered  ;  the  sugar  in  the  urine  at 
once  went  up.  A  pure  culture  of  saccharomyces  apiculatus 
was  added  to  the  urine,  and  fermentation  allowed  to  £0  on. 
After  a  few  days’  fermentation  the  sugar  had  all  disappeared. 
This  fungus  causes  the  alcoholic  fermentation  of  glucose, 
but  not  of  lactose.  Thus  there  was  no  lactose  in  the  urine. 
Voit  gives  the  following  explanation  of  what  had  occurred  : 
“  Before  the  sugar  was  given  the  small  amount  of  diabetic 
sugar  in  the  urine  must  have  originated  from  proteid  meta¬ 
bolism.  Lactose  appears  in  the  urine  more  readily  than 
any  other  form  of  sugar,  though  the  doses  given  in  this  case 
were  not  large  enough  to  cause  this  result.  Lactose  readily 
appears  in  the  urine,  not  because  it  is  burnt  in  the  organism 
with  great  difficulty,  but  because  it  is  a  form  of  sugar  from 
which  it  is  not  possible  for  the  liver  to  make  glycogen  ;  there¬ 
fore  its  ‘assimilation  limit’  is  low  and  it  passes  unused  into  the 
urine.  In  fact,  in  diabetics  it  appears  to  be  more  readily  burnt 
in  the  body  than  dextrose  and  takes  the  place  of  some  of 
the  dextrose  originating  from  proteid  metabolism.  Hence, 
when  lactose  is  given,  a  large  quantity  of  dextrose  remains 
unburnt  and  passes  as  such  into  the  urine.”  A  further 
research  (3)  carried  out  with  galactose  gave  similar  results. 

But  we  must  now  return  to  the  other  fundamental  ques¬ 
tion,  namely,  that  concerning  the  fate  of  the  hepatic  glyco¬ 
gen  ;  and  in  connection  with  this  subject  two  important 
papers  have  recently  appeared.  One  is  by  Dr.  D.  Noel 
Baton  and  the  other  bv  M.  Bial. 

j 

“  L’acte  vital  c’est  la  production  du  glycogene  au  sein 
du  tissu  vivant.” 

“  L’acte  chimique ,  c’est  la  transformation  du  glycogene 
en  sucre.” 

These  two  propositions  give  in  Bernard  s  own  words  his 
views  in  a  nutshell  ;  and  it  is  the  second  with  which  Dr. 
Baton  (4)  is  concerned,  his  object  being  to  elucidate  the  mean¬ 
ing  of  the  expression  chimique.  Is  the  conversion  due  to 
an  enzyme  or  unorganised  ferment  as  held  by  Bernard,  or 
to  the  vital  action  of  the  liver  protoplasm  as  suggested  by 
recent  writers  ?  The  liver  was  roughly  minced  and  kept  at 
37  to  4<TC.  in  normal  salt  solution  ;  the  glycogen  was  then 
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estimated  by  Briicke’s  method.  It  was  found  that  in  the 
first  half-hour  the  disappearance  of  glycogen  was  very  rapid; 
it  then  slowly  and  steadily  diminished  for  a  few  hours 
afterwards. 

If,  however,  the  liver  substance  is  destroyed  by  grinding 
it  up  with  sand,  the  loss  of  glycogen  is  inconsiderable  when 
compared  with  control  specimens,  in  which  the  liver  was 
simply  roughly  minced  and  in  which  the  cells  would  there¬ 
fore  retain  their  integrity. 

Microscopic  examination  of  the  liver  cells  in  salt  solu¬ 
tion  shows  that  they  undergo  certain  degenerative  changes 
which  usually  begin  within  the  first  hour. 

The  conversion  of  glycogen  is,  therefore,  divided  into 
two  periods. 

(1)  An  early  period  of  rapid  conversion  occurring  before 
obvious  structural  changes  occur  in  the  liver  cells. 

(2)  A  late  period  of  slow  conversion  after  these  changes 
have  developed. 

The  first  rapid  change  is  inhibited  by  destroying  the 
liver  cells  by  a  temperature  of  over  6o°  and  by  one  per 
cent,  solutions  of  sodium  fluoride.  It  is  regarded  as  being 
produced  by  the  action  of  the  living  liver  cells.  The  second 
slower  change  is  apparently  not  affected  by  these  agencies, 
and  is  regarded  as  being  due  to  the  activity  of  an  enzyme. 

Chloroform  was  found  to  increase  hepatic  amylolysis, 
and  to  accelerate  the  structural  changes  in  the  liver  cells  ;  it 
acts  probably  by  stimulating  the  katabolic  changes  in  the 
cells  which  precede  their  death.  Chloroform  would  appear  to 
act  in  the  same  way  during  life  ;  glycosuria  is  by  no  means 
an  infrequent  accompaniment  of  chloroform  narcosis,  and  in 
pairs  of  animals  of  the  same  litter,  one  chloroformed,  the 
other  not,  the  hepatic  glycogen  was  always  found  to  be 
more  abundant  in  the  latter  case.  Ether  acts  in  the  same 
way  as  chloroform,  only  to  a  less  degree.  Pyrogallic  acid  (0*2 5 
per  cent,  solution)  acts  similarly.  Morphine,  curare,  amyl 
nitrite  and  sodium  salicylate  have  no  action. 

The  products  of  hepatic  amylolysis  were  also  investi¬ 
gated.  In  the  early  stage  glucose  appears  to  be  formed 
directly,  and  no  intermediate  substances,  such  as  dextrins 
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or  maltose,  occur.  In  the  later  stage,  the  former  of  these, 
possibly  the  latter,  are  always  found. 

The  early  rapid  amylolysis  is  the  result  of  the  kata- 
bolic  changes  in  the  protoplasm  accentuated  as  death  occurs  ; 
it  is,  in  fact,  simply  an  exaggeration  of  the  process  of  amy¬ 
lolysis  during  life.  The  later  slow  amylolysis  is  due  to  an 
enzyme  which  is  probably  developed  during  the  disintegra¬ 
tion  of  the  liver  cells.  It  is  not  due  to  acid,  though  lactic 
acid  is  formed,  and  the  action  of  micro-organisms  is  excluded 
by  another  set  of  experiments. 

Passing  now  to  the  experiments  of  M.  Bial  (5)  we  find 
that  the  question  he  attempts  to  answer  is  the  same  as  that 
which  Dr.  Paton  tried  to  solve.  The  plan  of  the  research 
is,  however,  different,  and  his  final  conclusions  are  not  quite 
the  same.  So  after  giving  a  brief  summary  of  his  paper  it 
will  be  necessary  to  compare  the  two  researches  and  try  if 
it  is  possible  to  reconcile  the  differences. 

Put  briefly,  the  object  of  Bial’s  paper  is  to  show  that 
Claude  Bernard’s  second  proposition  is  absolutely  true  ;  the 
sugar  is  formed  from  glycogen  by  the  action  of  a  diastatic 
ferment.  This  diastatic  ferment  of  the  liver  is  probably 
identical  with  the  diastatic  ferment  of  the  blood  ;  at  any  rate 
both  form  dextrose  and  not  maltose  from  starch. 

The  most  prominent  opponent  of  Bernard’s  views  on 
this  subject  in  former  years  was  Dr.  Pavy.  Dr.  Pavy  was 
unable  to  find  more  sugar  in  the  blood  of  the  hepatic  vein 
than  in  that  of  the  portal.  He  therefore  concluded  that 
the  formation  of  sugar  post  mortem  was  different  from  what 
occurs  during  life.  This  view  of  Pavy’s,  resting  on  a  narrow 
vitalistic  basis,  has  been  also  upset  by  the  discovery  of 
better  methods  of  estimating  sugar  in  blood.  Bial,  there¬ 
fore,  reserves  his  powder  and  shot  for  a  more  recent  oppo¬ 
nent  of  Bernard’s  views,  namely,  Seegen.  Seegen  (6) 
preaches  the  revolutionary  doctrine  that  the  sugar  which 
leaves  the  liver  is  not  formed  from  glycogen  at  all,  but 
from  peptone,  or  even  from  fat.  Seegen  has  made  very  few 
converts  :  his  method  of  experiment  and  of  reasoning  is 
such  that  any  one  accustomed  to  chemico-physiological 
investigations  can  easily  detect  his  fallacies.  Besides  this, 
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more  than  one  worker  has  already  demonstrated  the  inac¬ 
curacies  of  his  experimental  premisses.  Neumeister  (7), 
for  instance,  puts  the  case  as  follows 

First,  he  shows  that  the  liver  cannot  make  sugar  from 
peptone,  as  no  peptone  ever  reaches  the  liver  under  normal 
circumstances ;  it  is  reconverted  into  albumin  during  its 
passage  through  the  intestinal  epithelium.  Feeding  experi¬ 
ments  with  peptone  do  not  therefore  prove  anything. 

Secondly,  injection  of  peptone  into  the  portal  vein  is 
also  fallacious  ;  the  injection  of  this  toxic  material  leads  to 
such  grave  changes  in  the  circulation  that  any  increase  of 
sugar  discharged  from  the  liver  would  more  probably  be 
derived  from  the  increased  decomposition  of  glycogen  than 
from  the  substance  injected. 

Thirdly,  Seegen  finds  that  pieces  of  liver  removed  from 
the  body  and  digested  with  blood  and  peptone  yield  more 
sugar  than  other  pieces  of  the  same  liver  which  are  not  so 
treated.  Neumeister  points  out  that  the  method  used  for  the 
estimation  of  sugar  under  those  circumstances  is  fallacious  ; 
the  sugar  was  estimated  by  Fehling’s  solution  in  the  pre¬ 
sence  of  the  peptone  ;  some  of  the  copper  would  be  taken 
up  in  causing  the  biuret  reaction  with  peptone,  so  that  the 
remainder  would  only  require  comparatively  little  sugar  to 
reduce  it,  and  if  this  factor  was  neglected  one  would  con¬ 
clude  erroneously,  as  Seegen  did,  that  the  percentage  of 
sugar  had  risen  in  the  fluid  investigated.  In  the  liver  of  a 
fasting  animal  containing  no  glycogen  digestion  with  pep¬ 
tone  and  blood  causes  no  appearance  of  sugar. 

Bial’s  own  experiments  may  be  briefly  summarised  as 
follows  : — 

1.  Digestion  of  liver  with  blood  leads  to  a  greater  forma- 
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tion  of  sugar  than  digestion  of  liver  with  salt  solution. 
This  is  due  to  the  fact  that  blood  contains  a  diastatic 
ferment  (8). 

2.  Peptone,  like  saliva  or  malt  extract,  favours  the 
activity  of  this  ferment  on  solutions  of  glycogen  or  starch 
paste,  but  leads  to  the  formation  of  no  more  sugar  from 
pieces  of  liver  than  in  those  specimens  to  which  blood  alone 
had  been  added. 
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3.  Digestion  of  blood  with  peptone  never  leads  to  a 
formation  of  sugar.  This  disposes  of  Lepine’s  (9)  pepto- 
saccharifying  ferment. 

4.  Arthus  and  Huber  (10)  have  shown  that  sodium  fluo¬ 
ride  in  one  per  cent,  solutions  destroys  cellular  activity  but 
not  unorganised  ferments  or  enzymes.  The  formation  of 
sugar  from  glycogen  is  not  prevented  by  a  one  per  cent, 
solution  of  sodium  fluoride,  and,  therefore,  it  is  produced 
by  an  unorganised  ferment.  This  is  produced  in  the  liver 
cells,  though  whether  the  liver  cells  derive  it  from  the 
blood  and  lymph  which  bathe  them  is  still  unsettled.  Cer¬ 
tainly  the  liver  ferment  is  very  similar  to  that  found  in  the 
blood.  Both  produce  dextrose,  not  maltose,  as  their  end- 
product. 

Now,  if  we  compare  these  results  with  Noel  Baton's  we 
find  that  they  agree  in  regarding  sugar  as  the  result  of  the 
disappearance  of  glycogen,  that  the  sugar  formed  is  dextrose, 
and  that  an  enzyme  is  present  which  brings  about  the  con¬ 
version  of  glycogen  into  dextrose.  The  main  difference 
between  the  two  observers  is  that  Paton  considers  the  vital 
action  of  the  liver  cells  as  more  important  than  the  chemi¬ 
cal  action  of  the  ferment,  while  Bial  supposes  that  the  whole 
■conversion  is  accomplished  by  the  ferment.  The  reason 
for  this  difference  appears  to  be  that  Bial,  having  found  the 
ferment,  concluded  that  he  need  seek  no  farther.  If  he  had 
he  would  doubtless  have  discovered  that  the  vital  action  of 
the  cells  is  to  be  reckoned  with  as  well. 

The  term  “vital  action”  is  one  employed  pretty  largely 
by  physiologists  now-a-days.  It  has  not  the  mystic  signifi¬ 
cance  it  had  in  the  days  of  the  old  vitalists  from  Stahl  to 
John  Hunter.  But  it  is  a  convenient  term  for  those  meta¬ 
bolic  or  selective  processes  in  living  cells  which  cannot  be 
.at  present  explained  by  ordinary  chemical  or  physical  laws. 
A  ferment  is  a  chemical  substance  shed  out  by  a  living  cell, 
.and  the  change  produced  by  a  ferment  is  usually  a  hydra¬ 
tion  or  hydrolysis.  Thus  we  have  the  formation  of  maltose 
from  starch  by  saliva,  the  formation  of  peptone  from  albu¬ 
min,  the  fat-splitting  action  of  the  pancreatic  juice,  the  in¬ 
version  of  cane  sugar,  and  many  other  examples  that  might 
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be  given.  “Vital  action,”  as  distinguished  from  ferment 
action,  is  generally  a  dehydration  ;  as  examples  one  may 
take  the  formation  of  albumin  from  peptone  by  the  intesti¬ 
nal  epithelium,  or  the  formation  of  glycogen  from  sugar  by 
the  liver  cells.  In  the  present  state  of  our  knowledge,  or 
rather  of  our  ignorance,  it  is  unwise,  however,  to  limit  the 
term  <£  vital  action  ”  to  processes  of  dehydration  and  to- 
assume  that  a  hydration  must  of  necessity  be  produced  by 
a  ferment,  and  that  the  metabolic  activity  of  cells  cannot 
bring  about  hydration  as  well  as  dehydration  without  the 
intermediation  of  an  enzyme. 

If  we  assume  with  Paton,  Ransom  and  others  that  in 
the  liver  cells  vital  action  will  explain  the  origin  of  sugar 
from  glycogen,  the  question  next  arises  whether  it  is  pos¬ 
sible  to  give  any  other  example  where  living  cells  produce 
a  hydrating  action.  There  is  one  other  example  which 
appears  to  be  very  similar,  and  that  is  the  formation  of  glu¬ 
cose  from  maltose  in  the  intestine.  The  experiments  of 
Dr.  Shore  and  Miss  Tebb  (11)  indicate  that  this  change 
cannot  be  wholly  explained  as  due  to  the  activity  of  the 
inverting  ferment  of  the  intestinal  juice,  but  that  the  vital 
action  of  the  absorptive  epithelium  forms  a  factor  in  the 
phenomenon  also. 

We  have  seen  that  the  ordinary  source  of  the  liver 
glycogen  is  the  carbohydrate  of  the  diet ;  but  that  it  may 
originate  from  proteid  under  certain  circumstances.  We 
have  seen  also  that  the  ordinary  source  of  the  sugar  of  the 
blood  is  the  glycogen  of  the  liver  ;  it  is  necessary  in  con¬ 
clusion  to  point  out  that  sugar  may  also  originate  from  the 
proteid  of  the  liver  cells  ;  and  here  it  must  certainly  be  pro¬ 
duced  by  metabolic  or  vital  activity.  There  are  certain 
forms  of  diabetes  which  are  entirely  uninfluenced  by  diet ; 
the  patient  passes  as  much  sugar  when  he  takes  no  carbo¬ 
hydrate  as  when  he  is  on  starchy  food  ;  and  this  form  of 
diabetes  can  be  produced  artificially.  If  the  drug  phloridzin 
is  given  to  an  animal  it  becomes  intensely  diabetic.  The 
sugar  might  under  these  circumstances  have  a  threefold 
origin.  It  might  come  from  the  drug  given,  for  phloridzin  is 
a  glucoside.  But  the  sugar  passed  is  far  in  excess  of  that 
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contained  in  the  drug- ;  and  phloretin,  a  sugar-free  derivative 
of  phloridzin,  produces  diabetes  just  in  the  same  way.  Sec¬ 
ondly,  it  might  originate  from  the  hepatic  glycogen,  but 
this  cannot  be  the  only  source,  as  the  drug  produces 
diabetes  in  fasting  animals,  and  also  in  those  who  have 
been  taking  it  for  some  days  and  in  which  all  the  glycogen 
must  have  been  got  rid  of  long  ago.  Thus  the  third  pos¬ 
sible  source  is  alone  left,  and  the  sugar  undoubtedly  comes 
from  proteid. 

But  how  can  proteid  give  rise  to  sugar  ?  Is  it  possible 
to  obtain  sugar  from  proteid  in  the  laboratory  ?  This  is  a 
question  which  it  is  not  possible  to  answer  fully  in  the  pre¬ 
sent  article.  Suffice  it  to  state  that  recent  research  has 
shown  that  the  answer  to  this  question  will  probably  be 
found  to  be  an  affirmative  one.  In  no  case  as  yet  has 
dextrose  been  obtained  from  proteid  ;  but  some  recent 
experiments  (12,  13,  14)  teach  us  that  sugars  other  than 
dextrose  are  obtainable,  and  that  is  a  step  in  advance. 
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MESOZOIC  AND  KAINOZOIC  GEOLOGY  IN 

EUROPE. 


IT  would  be  vain  to  attempt,  within  the  space  of  a  single 
article,  to  give  even  the  barest  outline  of  the  present 
state  of  stratigraphical  geology  or  of  any  considerable  sec¬ 
tion  of  that  science.  All  that  can  be  done  here  is  to 
chronicle  the  advances  which  are  made  from  time  to,  time 
in  its  various  branches.  Fortunately,  however,  for  the  pur¬ 
pose  in  view,  the  progress  of  our  knowledge  of  the  great 
geological  systems  is  not  uniform.  Sometimes  there  appear 
almost  simultaneously  a  number  of  important  observations 
on  the  rocks  of  one  system  while  another  perhaps  is  ap¬ 
parently  neglected  ;  and  at  other  times  the  cases  may  be 
reversed.  Thus  within  the  last  few  months  several  valuable 
papers  have  been  published  on  Miocene  geology  ;  but  few 
have  appeared  which  refer  to  the  Trias.  Hence  the  pre¬ 
sent  article  will  to  a  certain  extent  afford  a  summary  of  the 
state  of  Miocene  geology  in  Central  Europe  ;  while  it  may 
be  hoped  that  some  future  article  will  perform  the  same 
service  for  the  Trias.  It  is  only  in  this  piecemeal  fashion 
that  we  can  expect  to  sketch  the  present  state  of  strati¬ 
graphical  geology  and  at  the  same  time  to  keep  pace  with 
its  progress. 

Considered  by  itself,  the  geology  of  a  single  area  is  of 
little  interest  except  to  those  who  have  worked  or  lived  in 
that  area  ;  and  it  is  only  when  we  attempt  to  compare  the 
local  geology  with  that  of  other  parts  of  the  world,  that  its 
full  value  can  be  weighed  and  determined.  In  England 
perhaps  we  were  somewhat  slower  to  perceive  this  than  our 
colleagues  abroad  ;  and  it  was  natural  that  this  should  be 
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so.  For  the  science  of  stratigraphical  geology  took  its  rise 
in  England,  and  it  was  here  that  nearly  all  the  greater  geo¬ 
logical  divisions  were  first  recognised  and  described.  It 
was  necessary,  therefore,  for  foreign  geologists  to  compare 
their  rocks  with  ours ;  but  it  did  not  seem  so  clear  to 
us  that  ours  must  also  be  compared  with  theirs.  Moreover, 
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from  a  geological  point  of  view  England  really  serves  as  a 
table  of  contents  to  the  greater  part  of  the  Northern  Hemi¬ 
sphere,  and  it  does,  better  than  any  oither  country,  afford  a 
general  idea  of  geology  as  a  whole.  But,  however  admir¬ 
able  a  table  of  contents  may  be,  the  study  of  that  table  can 
scarcely  replace  the  study  of  the  whole  book. 

In  these  articles  the  treatment  will  be  designed,  as  far 
as  possible,  to  bring  out  the  mutual  geological  relations  of 
different  areas  ;  and  for  this  purpose  the  arrangement  will 
be  according  to  the  stratigraphical  systems.  But  a  section 
will  be  devoted  to  papers  of  a  general  character,  and  this 
section  will  include  a  certain  number  of  local  descriptions 
which  do  not  find  a  convenient  place  elsewhere. 

At  the  end  of  this  article  will  be  found  a  list  of  the  more 
important  papers  which  have  been  published  (or  have  been 
received  in  England)  since  the  beginning  of  last  October, 
and  it  is  to  these  that  the  present  notice  refers.  Where  it 
has  been  necessary  to  mention  an  earlier  paper  the  reference 
will  generally  be  found  in  a  footnote. 

GENERAL. 

Among  the  many  debts  which  modern  geology  owes 
primarily  to  Heim,  and  in  Britain  to  Lap  worth,  one  of 
the  greatest  has  been  the  recognition  of  the  fact  that 
a  whole  mountain  mass  may  be  slid  over  the  top  of 
other  rocks  for  a  distance  of  several  miles.  Since  the 
researches  of  Peach  and  Horne1  in  the  North-west  High¬ 
lands  the  sliding  surface  has  been  known  as  a  thrust-plane  ; 
and  it  has  been  found  that  the  existence  of  thrust-planes 
removes  many  difficulties  which  had  been  felt  in  the  inter¬ 
pretation  of  other  disturbed  areas. 

In  the  neighbourhood  of  Toulon,  for  example,  which 
has  recently  been  described  by  Ziircher  (42),  the  relations 
of  the  schists  and  crystalline  rocks  to  the  beds  of  later  age 
were  incapable  of  explanation  by  means  of  simple  inversions 
and  ordinary  faults.  Ziircher  shows  that  if  we  suppose  the 

1  Nature ,  xxxi.  (1884),  p.  29.  Quart.  Journ.  Geol.  Soe.,  xliv.  (1888), 
P-  378. 
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schists  to  have  been  brought  upon  the  top  of  the  newer 
beds  by  means  of  a  thrust- plane,  the  whole  difficulty  dis¬ 
appears.  A  thrust-plane,  however,  like  any  other  divisional 
plane  in  a  mass  of  rock,  must  be  affected  by  any  foldings 
which  may  take  place  subsequently  in  that  mass;  and  in 
the  Toulon  area  the  gliding  surface  is  not  now  a  true  plane, 
in  the  mathematical  sense  of  the  word,  but  has  been  thrown 
into  a  series  of  anticlinals  and  synclinals  which  run  nearly 
east-west. 

A  much  more  striking  instance  of  a  thrust-plane,  the 
evidence  of  which,  however,  is  not  so  clear,  has  been 
brought  forward  by  Schardt  (32).  The  northern  zone  of 
the  Alps  consists  of  ranges  of  hills  which  lie  in  front  of  the 
main  chain  and  which  are  often  spoken  of  as  the  Limestone 
Alps  or  Pre-Alps.  Geographically  this  zone  is  continuous, 
but  geologically  the  portion  which  extends  from  the  Chab- 
lais  (south  of  Lake  Geneva)  to  the  Stockhorn  (west  of  Lake 
Thun)  is  quite  distinct  from  the  south-west  and  north-east 
parts  of  the  zone,  which  are  known  respectively  as  the 
Faucigny  and  Unterwald.  d  he  folds  of  the  Alps  of  the 
Faucigny  and  Unterwald  are  not  the  continuations  of  those 
of  the  Chablais  and  Stockhorn,  and  the  thrust-planes  which 
are  present  in  the  latter1  are  unknown  in  the  former. 
Moreover  the  character  of  the  rocks  is  different,  and 
Schardt  looks  upon  the  Pre-Alps  between  the  Chablais  and 
the  Stockhorn  as  a  mass  of  foreign  rock  which  has  been 
brought  from  the  south  upon  a  gigantic  thrust-plane.  He 
places  the  original  position  of  this  mass  in  line  with  the 
Rhaetikon  (on  the  Austrian  border),  and  considers  it  pro¬ 
bable  that  the  thrust-plane  may  be  a  continuation  of  that 
of  the  Rhaetikon. 

Lugeon  (22)  in  a  somewhat  earlier  paper  gives  a  dif¬ 
ferent  explanation  of  the  structure  of  the  Chablais.  He 
supposes  that  the  beds  of  that  area  were  thrown  into  a 
dome,  which  bulged  out  at  the  sides  and  was  pinched  in  at 
the  base,  so  that  all  around  the  edge  the  beds  were  reversed 

1  In  another  paper  (33)  Schardt  gives  sections  of  the  Pre-Alps  near 
Montreux  on  the  northern  shore  of  Lake  Geneva. 
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and  came  to  rest  upon  newer  rocks.  Startling  though  M. 
Schardt’s  view  may  appear,  however,,  it  harmonises  better 
with  the  structure  of  the  surrounding  areas. 

According  to  Bertrand  (4)  the  French  Alps  present  the 
fan-structure  which  is  so  frequently  found  in  mountain 
chains.  The  centre  of  the  fan  is  formed  in  Savoy  by  a  band 
of  coal  measures  which  runs  nearly  north-south.  To  the 
east  of  this  almost  all  the  folds  lean  towards  Italy,  and 
to  the  west  they  lean  towards  France.  Further  south  the 
central  zone  is  occupied  not  by  the  oldest,  but  by  the 
newest  rocks  (Nummulitic  and  Flysch).  In  places  the 
lines  of  folding,  which  in  general  follow  the  direction  of  the 
chain,  open  out  around  lenticular  masses  or  kernels  of  rock. 
The  rocks  of  these  masses  are  themselves  thrown  into  folds 
of  the  same  direction,  but  these  folds  are  not  prolonged 
beyond  the  edges  of  the  lenticles.  Mont  Blanc  itself  is 
one  of  these  kernels. 

Turning  from  great  things  to  small  some  remarkable 
faults  have  been  described  by  Karrer  (18)  in  tertiary  beds 
in  the  Vienna  basin.  In  some  of  the  sections  which  he 
gives,  the  upper  beds  are  disturbed  by  a  series  of  small 
faults  which  terminate  abruptly  against  the  beds  below. 

We  must  here  notice  an  account  given  by  Dames  (9) 
of  the  geology  of  Heligoland.  The  rocks  of  this  island 
have  usually  been  referred  to  the  Triassic,  Jurassic,  and 
Cretaceous  systems;  but  according  to  Dames  the  Jurassic 
is  absent,  while  on  the  other  hand  the  Permian  also  is 
represented. 

Even  at  a  distance  the  main  island  can  be  seen  to  be 
made  up  of  two  series.  The  lower  consists  chiefly  of  reddish- 
brown  thick-bedded  calcareous  clays  in  which  copper  ores 
occur  ;  and  from  the  presence  of  these  ores  and  the  close 
resemblance  to  certain  rocks  of  Schleswig-Holstein,  Dames 
refers  these  beds  to  the  Zechstein  (Permian).  The  upper 
series  shows  irregular  alternations  of  red  shaly  clays  with 
bands  of  sandstone  and  limestone,  and  without  copper,  and 
this  he  correlates  with  the  lower  Bunter. 

The  nearest  islets  to  the  east  of  the  main  island  are  Wite 
Klif,  and  Olde  H  ove  Brunnen  ;  and  it  was  the  rocks  of 
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these  which  were  referred  by  Wiebel  to  the  Jurassic,  but 
their  fossils  are  typical  upper  Muschelkalk  forms.  Neither 
the  lower  nor  middle  Muschelkalk  is  now  seen  in  situ , 
though  their  boulders  are  abundant ;  but  at  the  beginning 
of  last  century,  the  latter,  consisting  of  gypseous  beds,  formed 
a  cliff  parallel  to  the  main  island.  The  lower  and  upper 
Muschelkalk  consist  of  clays  and  dolomitic  limestones. 

The  dolomites  of  the  Wite  Klif  are  succeeded  towards 
the  east  by  clays  and  chalky  beds,  which  occupy  the  floor 
of  the  Skit  Gatt,  but  are  now  buried  in  sand.  Zones  of 
belemnites  may  be  distinguished  which  correspond  closely 
with  those  of  the  Speeton  Clay  of  Yorkshire.  Perhaps  the 
most  interesting  is  that  of  Belemnites  fusiformis ,  which 
consists  of  red  chalk.  The  whole  of  the  lower  Cretaceous 
appears  to  be  represented  except  the  middle  Gault. 

The  rocks  which  lie  to  the  east  of  the  Skit  Gatt  and 
which  are  left  dry  at  the  ebb,  consist  of  white  chalk.  This 
was  formerly  referred  to  the  zone  of  Belemnitellct  muci  onottci , 
but  really  contains  representatives  of  the  Cenomanian, 
Turonian  and  Senonian. 


TRIAS. 

Passing  now  to  the  consideration  of  the  geological 
systems  in  order,  we  commence  with  the  Trias. 

In  a  paper  on  coral  in  the  dolomites  (25),  Miss  Ogilvie 
returns  to  the  subject  of  these  rocks  in  Southern  Tyrol. 
She  has  already1  dealt  in  detail  with  the  stratigraphy  of 
some  parts  of  this  area,  and  her  chief  object  here  is  to  show 
that  it  is  the  “  cipit  ”  limestones,  and  not  the  great  masses  of 
dolomite,  which  deserve  the  name  of  coral  reefs. 

During  early  Triassic  times  the  central  core  of  the 
Alps  was  land ;  and  thus  the  sea  was  shallow  in  the 
northern  part  of  Southern  d  yrol,  and  deeper  towards  the 
south.  Somewhat  to  the  north  of  the  present  Schlern 
Mountain  there  was  a  great  eruption  of  volcanic  material 
under  the  sea,  and  this  formed  a  ridge  or  barrier  some 
distance  from  the  coast.  At  about  the  same  period 


1  Quart.  Journ.  Gcol.  Soc vol.  xlix.  (1893),  p.  1. 
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contemporaneous  faulting  took  place  along  the  line  of  erup¬ 
tion,  and  the  floor  of  the  sea  outside  this  line  was  let  down. 
Hence  between  the  volcanic  ridge  and  the  land  there  was 
shallow  water,  and  outside  the  ridge  a  deep  sea.  Within 
the  former  marls  and  shales  were  rapidly  deposited  ;  while 
in  the  latter  the  dolomites  and  limestones  were  laid  down, 
and  they  owe  their  great  and  suddenly  increasing  thickness 
to  the  subsidence  of  the  sea-floor.  Corals  grew  within  the 
shallow  water  and  upon  the  volcanic  ridge,  forming  the 
lenticular  masses  which  are  known  as  “  cipit  limestones,” 
but  the  dolomites  themselves  appear  to  have  been  formed 
by  algae  and  mollusca. 

At  a  later  period  the  subsidence  became  general  and 
the  dolomites  spread  over  the  barrier  into  the  former 
shallow  water  area  ;  while  towards  the  close  of  the  Triassic 
period,  the  sea  again  became  shallower,  and  shallow  water 
deposits  spread  outwards  from  the  north  towards  the  south. 

Much  of  the  difficulty  which  has  been  felt  in  the  ex¬ 
amination  of  the  Tyrolese  Trias  has  been  due  to  the  fact 
that  deposition  was  going  on  simultaneously  under  very 
different  conditions  in  different  areas.  And  it  is  worthy  of 
note  that  the  same  difficulty  has  been  experienced  in  South¬ 
ern  Italy.  Near  Lagonegro,  in  the  province  of  Basilicata, 
there  are  developed  nodular  limestones,  silicious  schists  with 
radiolaria,  and  dolomitic  limestones.  The  mutual  relations 
of  these  beds  are  not  clear ;  but  Lorenzo  (20)  has  come  to 
the  conclusion  that  they  are  simply  heteropic  developments 
of  the  same  period.  From  an  examination  of  the  fossils,  he 
places  them  about  the  horizon  of  the  Cassian  and  Raibl 
beds  of  Tyrol. 

In  the  Balearic  Isles,  according  to  Nolan  (24),  the 
Upper  Trias  is  divisible  into  three  distinct  horizons,1  which 
correspond  very  closely  with  those  of  Southern  Tyrol  ;  and 
these  islands  must  therefore  be  placed  in  Mojssovics’  Medi¬ 
terranean  Province. 

1  These  are,  in  ascending  order  : — 

1.  Zone  of  Trachyceras  Curionii  and  T.  Vi  I  a  nova:. 

2.  Zone  of  Daonella  Lornmeli. 

3.  Zone  of  Hoernesia  pseudosocialis  and  Monotis  salinciria. 
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But  little  has  been  added  to  our  knowledge  of  the  T  rias 
in  Northern  Europe.  Stizenberger  (35)  has  described  the 
rocks  exposed  on  the  railway  between  Koblenz  and  Stein  ; 
but  they  offer  no  points  of  special  interest. 

JURASSIC. 

The  most  important  contributions  to  Jurassic  geology 
come  from  our  own  country ;  and  we  must  first  draw 
attention  to  the  monograph  by  H.  B.  Woodward  (41)  on 
the  Lias  of  England  and  Wales  (exclusive  of  Yorkshire, 
which  has  already  been  treated  by  Fox-Strangways x). 
This  work  is  too  extensive  and  too  much  occupied  with 
local  detail  to  admit  of  useful  abstract  here.  It  is  more 
particularly  concerning  the  south-western  parts  of  England 
that  new  facts  will  be  found  in  it.  At  the  end  is  a  list  of 
fossils  from  the  English  Lias  (exclusive  of  those  which  occur 
only  in  Yorkshire,  north  of  the  Humber)  ;  and  it  is  worthy 
of  note  that  the  well-known  Gryphea  incurva  appears  as 
G.  arcuata ,  a  name  which  certainly  has  priority,  and  which 
is  commonly  used  abroad. 

In  the  district  between  Sherborne  in  Dorsetshire  and 
Yeovil  in  Somersetshire  S.  S.  Buckman  (7)  has  made  a 
detailed  examination  of  those  beds  of  the  Inferior  Oolite 
which  are  usually  known  as  the  zones  of  Ammonites 
Murchisonce ,  A.  Sowerbyi ,  A.  Humphriesianus ,  and  A . 
Parkinsoni.  But  the  author  is  far  from  being  content 
with  this  grouping,  and  he  subdivides  the  period  of  deposi¬ 
tion  into  twelve  smaller  divisions  which  he  calls  “  hemerse 
By  a  hemero  he  understands  the  period  of  time  during 
which  a  certain  species  was  at  its  acme  of  development  ; 
and  each  of  his  twelve  hemerae  is  characterised  by  its 
own  ammonite. 

The  area  described  is  only  some  eight  miles  in  length, 
and  yet  within  this  distance  the  deposits  of  the  hemera  of 
A.  Garantiance ,  for  example,  vary  from  less  than  a  foot  to 
thirty  feet  in  thickness.  Among  the  other  deposits  the 
variations  are  also  very  great,  and  the  author  shows  them 


1  The  Jurassic  Rocks  of  Britain,  vols  i.  and  ii.  Mem.  Geol.  Surv. 
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by  means  of  a  graphic  diagram.  During  the  earlier  part 
of  the  period  the  area  of  maximum  deposition  moved  from 
the  centre  of  the  district  towards  the  east ;  while  during 
the  later  hemerae  it  moved  towards  the  west. 

It  is  quite  possible,  as  Buckman  points  out,  that  two 
species  which  occur  together  in  the  same  bed  of  rock  may 
really  not  have  been  contemporaneous  and  that  proof  of 
the  difference  of  age  may  be  obtained  elsewhere.  At  one 
place  we  may  have  a  great  accumulation  of  deposit,  with  a 
certain  species  at  its  base  and  another  at  its  summit,  while 
some  distance  off  the  same  period  of  deposition  may  be 
represented  by  so  thin  a  bed  that  the  two  species  occur 
together.  Yet  the  one  species  is  newer  than  the  other. 
In  the  western  part  of  the  Sherborne  area,  for  example,  the 
deposits  of  the  various  hemerae  are  so  thin  that  it  is  not 
possible  to  distinguish  them  all  ;  but  as  the  beds  thicken 
towards  the  east,  it  becomes  easy  to  separate  those  of  the 
individual  hemerae,  and  the  characteristic  ammonites  appear, 
not  together  but  in  their  regular  order. 

Comparison  with  the  rocks  of  Normandy,  the  south  of 
France  and  Wurtemberg  shows  that  the  general  succession 
of  the  faunas  is  the  same  ;  but  it  can  scarcely  be  maintained 
as  yet  that  all  of  Buckman’s  hemerae  have  been  distinguished 
in  those  areas. 

A  description  of  the  uppermost  Jurassic,  or  Purbeck  beds, 
as  they  occur  in  the  Vale  of  Wardour  in  Wiltshire,  has  been 
given  by  Andrews  and  Jukes- Browne  (1).  The  whole  series 
is  remarkably  like  that  of  the  coast  of  Dorsetshire  and  has 
been  deposited  under  nearly  the  same  conditions.  Thus  the 
lower  Purbeck  consists  of  fresh-water  beds  towards  the  base 
and  towards  the  summit,  while  the  presence  of  Car  chum, 
Corbula ,  etc.,  in  the  middle  portion  shows  that  the  waters 
were  then  brackish:  the  middle  Purbeck  includes  a  “cin¬ 
der-bed,”  which  corresponds  with  that  of  Dorsetshire  and 
which  is  often  crowded  with  Trigonia  and  Ostrea ,  showing 
the  incoming  of  marine  conditions.  The  upper  Purbeck  is 
more  distinct  in  character  and  near  its  base  includes  a  soft 
yellow  sand  with  Endogenites,  which  appears  to  be  peculiar 
to  Wiltshire.  Above,  it  consists  mainly  of  clays  and  marls. 
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In  France  the  two  zones  which  M.  Chalmas 1  re¬ 
cognised  in  the  upper  assise  of  the  Lias  of  Normandy 
( Grammoceras  aalense  and  Lioceras  opalinum ),  but  which 
he  did  not  find  in  direct  superposition,  have  been  so  found 
by  Brasil  (6)  at  several  places  around  Caen.  Here,  as  in 
Germany,  the  aalense  zone  is  the  lower. 

Immediately  to  the  north-west  of  the  Jura  Mountains 
the  Abbe  Bourgeat  (5)  has  examined  the  Oxfordian  and 
Corallian  of  the  region  between  Dole,  Salins,  and  Besanfon. 
The  ferruginous  banks  with  Ammonites  macrocephalus  and 
A.  anceps ,  which  occur  in  the  Jura  proper  and  which  corre¬ 
spond  with  our  Kellaways  rock,  are  absent ;  and  the  Ox¬ 
fordian  rests  immediately  upon  a  limestone  with  Rhynchonella 
varians ,  evidently  the  equivalent  of  the  upper  part  of  our 
Great  Oolite  series.  The  Oxfordian  itself  consists  of  marls 
and  limestones,  with  numerous  sponges  ;  and  several  of  the 
beds  as  they  are  traced  towards  the  Jura  lose  the  littoral 
character  which  they  possess  in  the  west  of  the  area.  The 
succeeding  Corallian  consists  of  limestones  with  bryozoa;  and 
was  a  shallow- water  deposit.  From  this  author’s  account 
one  would  be  justified  in  concluding  that  during  these  two 
periods  the  land  lay  not  far  to  the  west,  towards  the  Cote 
d’Or. 

In  the  vast  expanse  of  the  North  German  plain  it  is 
seldom  that  the  beds  below  the  drift  are  exposed ;  and 
any  addition  to  our  knowledge  of  the  rocky  substratum 
is  very  welcome.  Some  forty  years  ago  in  the  Island  of 
Wollin  at  the  mouth  of  the  Oder,  Wessel2  found  numerous 
loose  blocks  with  fossils  which  he  referred  to  the  Oxfordian, 
and  the  same  fossils  occurred  also  in  a  clay  which  he  dis¬ 
covered  in  situ.  Deecke  (10),  in  re-describing  the  area, 
points  out  that  the  fossils  belong  to  what  we  now  know  as 
the  Callovian,  or  to  the  Cornbrash  (upper  Dogger  of  the 
Germans).  At  another  point  a  bed  occurs  in  situ  with 
Belemnites  giganteus ,  which  belongs  to  the  middle  Dogger. 
In  this  paper  Deecke  attempts  a  classification  of  the  rocks 

1  Bull.  Soc.  Geol.,  France ,  vol.  xx.  (1892-93),  p.  clxiii. 

2  Zeitschr.  Deutsch.  Geol.  Ges.,  vi.  (1854),  p.  305. 
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of  the  various  exposures  of  upper  Dogger  scattered 
throughout  Pomerania. 

Somewhat  farther  to  the  south,  Fiebelkorn  (12)  has 
been  engaged  in  the  study  of  the  upper  Jurassic  boulders 
which  occur  in  the  drift,  and  has  published  an  elaborate  ex¬ 
amination  of  the  included  fossils.  These  boulders  are  not 
commonly  met  with  and  hitherto  have  not  received  so 
much  attention  as  the  boulders  of  other  rocks.  Their 
rarity  appears  to  be  due  to  the  friable  nature  of  the  material, 
and  to  the  fact  that  they  occur  chiefly  in  the  lower  boulder 
clay,  which  is  naturally  less  exposed  than  the  upper.  They 
are  found  only  in  Pomerania,  Brandenburg,  and  Mecklenburg, 
and  are  beyond  comparison  most  abundant  at  Retzin,  west 
of  Stettin.  Their  abundance  here,  together  with  their 
friable  nature,  shows  that  the  original  home  of  these  blocks 
cannot  have  been  far  from  that  place. 

Turning  now  to  the  South  of  Europe  we  find  that  in  the 
Balearic  Islands  the  lower  and  middle  portions  of  the 
Jurassic  system  closely  resemble  the  corresponding  beds 
of  Northern  Europe.  According  to  Nolan  (24)  the  middle 
Lias  has  a  fauna  which  is  nearly  allied  to  that  of  Portugal, 
but  quite  different  from  that  of  Andalusia  in  the  South  of 
Spain  ;  the  upper  Lias  also  resembles  that  of  Portugal  and 
Lombardy  ;  while  the  Bajocian  may  be  divided  into  zones 
which  correspond  precisely  with  those  of  the  Anglo-Parisian 
area  and  of  Swabia.  The  upper  part  of  the  J  urassic,  how¬ 
ever,  belongs  distinctly  to  the  Mediterranean  or  Tithonian 
type,  and  is  entirely  different  from  that  of  Northern  Europe. 

Concerning  this  Tithonian  facies  as  it  is  developed  in 
the  East  of  Europe,  Retowski  (28)  has  given  an  admirable 
account  of  the  fauna  from  Theodosia  in  the  east  of  the 
Crimea.  The  rocks  consist  mainly  of  yellowish  or  grey 
marls  with  numerous  fossils.  Of  the  sixty-five  forms  de¬ 
scribed  nearly  half  are  new,  and  of  the  remainder  almost 
all  occur  in  the  upper  Tithonian  of  Western  Europe,  while 
ten  are  peculiar  to  those  upper  beds.  The  presumption  is 
that  the  Theodosia  beds  belong  to  the  upper  division  of 
the  Tithonian.  This  view  is  confirmed  by  the  abundance 
of  species  of  Hoplites ;  and  by  the  fact  that  the  beds  are 
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immediately  overlaid  by  those  marls  with  Belemnites  latus 
which  in  the  South-west  of  Europe  also  overlie  the  Tith- 
onian,  and  are  there  known  as  Valenginien.  Tithonian 
beds  also  occur  to  the  west  of  Theodosia,  and  the  series 
appears  to  be  well  developed  in  the  Crimea. 

CRETACEOUS. 

The  occasional  patches  of  Jurassic  rocks  which  have 
already  been  referred  to,  in  the  North  German  plain,  occur 
principally  around  the  mouth  of  the  Oder.  Farther  to  the 
west,  and  stretching  as  far  as  the  Elbe,  there  appear  through 
the  drift  a  number  of  small  patches  of  Cretaceous.  One  of 
these,  near  Ltineberg  on  the  Ilmenau,  has  long  been  sup¬ 
posed  to  include  representatives  of  the  Gault  in  the  form  of 
a  clay  with  Belemnites  minimus.  The  clay  is  conformably 
succeeded  by  a  limestone  which  passes  up  into  sandstone 
with  Ammonites  rotomagensis  (upper  Cenomanian).  Von 
Strombeck  (36)  after  a  close  examination  concludes  that  the 
belemnite  is  Belemnites  ultimus.  It  is  associated  with  Ser- 
pula  ( V ermiculoria)  Sowerbyi;  and  both  of  these  are  Cen¬ 
omanian  forms.  Hence  he  refers  the  whole  series  up  to  the 
rotomagensis  beds  to  the  Cenomanian,  and  places  the  clay  at 
the  base  as  the  representative  of  the  Tourtia  or  lower  division. 
No  Gault  is  present ;  and  the  author  maintains  that  the  re¬ 
ference  to  the  Gault  of  other  exposures  in  this  neighbourhood 
rests  upon  similar  incorrect  determinations.  This  is  a  point 
of  some  importance  ;  for  it  is  certain  that  the  Cenomanian 
sea  was  much  more  extensive  than  that  of  the  Gault,  and  if 
there  has  been  no  Gault  here,  the  sea  of  that  period  must 
have  been  even  smaller  than  has  been  supposed. 

To  the  west  of  Glatz  on  the  borders  of  Bohemia  and 
Prussian  Silesia,  a  long  elliptical  patch  of  Cretaceous  rocks 
rests  unconformably  upon  the  older  rocks  of  the  Sudeten- 
gebirge.  It  is  now  entirely  separated  from  the  Cretaceous 
of  the  North-east  of  Bohemia  ;  but  it  evidently  belonged  to 
the  same  sea-basin,  and  between  the  two  areas  lie  a  number 
of  small  outliers  bearing  witness  to  their  former  union. 
One  of  the  most  extensive  of  these  outliers  is  that  of 
Cudowa,  which  has  been  examined  in  detail  by  Michael  (23). 
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The  rocks  of  this  patch  have  hitherto  been  referred  to  the 
Cenomanian  ;  but  Michael  shows  that  the  upper  portion 
must  be  separated  off  as  Turonian.  The  Cenomanian 
commences  with  a  conglomeratic  and  calcareous  series 
which  rests  immediately  upon  the  granite  of  Cudowa. 

“Quader”  and  “Planer”  sandstones 
capped  by  a  glauconitic  bank.  Throughout  the  whole  the 
commonest  fossils  are  Exogyra  columba ,  Ostrea  carinata , 
Pecteu  asper  and  Janira  longicauda ;  but  the  upper  beds 
also  contain  forms  which  are  not  elsewhere  confined  to  the 
Cenomanian.  It  is  clear,  however,  that  the  zones  which 
Schluter  has  established  for  the  Cenomanian  of  Westphalia 
cannot  be  distinguished  here. 

Above  the  glauconite  bank  come  clayey  and  sandy  beds, 
calcareous  in  the  lower  part,  free  from  lime  in  the  upper. 
These  contain  Inoceranms  labiatus ,  /.  Brongniarti  and 
other  fossils  ;  and  must  clearly  be  referred  to  the  Turonian. 

Here,  as  in  Saxony  and  many  other  parts  of  Europe, 
it  will  thus  be  seen  that  the  Cretaceous  begins  with  a 
Cenomanian  conglomerate,  showing  that  the  Cretaceous 
sea  first  began  to  spread  over  these  regions  in  Cenomanian 
times. 

Passing  over  to  Italy  it  has  been  shown  by  Sacco  (31), 
in  the  northern  part  of  the  Apennines,  that  a  considerable 
portion  of  the  beds  which  have  hitherto  been  referred  to 
the  Eocene  under  the  name  of  “  argiles  ecailleuses  and 
“  schistes  ophiolithiques  ”  must  really  be  of  Cretaceous  age. 
He  describes  the  fossils,  and  amongst  them  we  have 
such  typically  Cretaceous  forms  as  Elamites,  Inoceranms 
Cripsi,  etc. 

In  the  northern  part  of  the  province  of  Venice  a  band 
of  Cretaceous  rocks  lies  along  the  lower  slope  of  the  Alps 
from  near  Bassano  to  the  valley  of  Tagliamento  ;  and  the 
north-east  portion  of  this  band  has  been  described  by 
Eutterer  (13).  It  is  here  bounded  approximately  by  two 
great  faults,  both  of  which  throw  down  towards  the  south. 
Between  the  Cretaceous  and  the  older  rocks  of  the  moun¬ 
tains  to  the  north,  there  is  the  great  peri-adriatic  fault ; 
while  to  the  south  the  Cretaceous  band  is  separated  from 


This  is  succeeded  by 
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the  Miocene  and  later  deposits  of  the  plain  by  the  nearly 
parallel  fault  of  Aviano.  Between  these  two  faults  the 
Cretaceous  limestones  are  thrown  into  the  form  of  a  broad 
arch.  On  the  northern  flanks  of  the  arch  there  usually  rest 
some  remains  of  the  scaglia  or  even  of  the  lower 
Tertiary ;  but  on  the  southern  flanks  these  beds  are 
absent,  and  the  Cretaceous  limestones  are  in  immediate 
contact  with  the  fault. 

In  these  limestones  three  distinct  horizons  can  be  recog- 
nised  :  the  upper  beds  are  characterised  by  the  abundance 
of  Radio  Lite  s  ;  the  middle  by  Hippurites  (//.  cornuvaccinum , 
etc.)  ;  and  the  lower  by  Caprinidae.  No  definite  lithological 
or  paleontological  horizons  can  be  recognised  below  the  last. 

The  same  author  has  described  (14)  the  hippurites 
from  beds  of  corresponding  age  at  Nabresina,  on  the  coast 
north-west  of  Trieste. 


TERTIARY. 


A  considerable  portion  of  the  valley  of  the  Rhone  is 
occupied  by  Miocene  deposits,  which  lie  between  the  Alps 
on  the  east  and  the  Central  Plateau  of  France  upon  the 
west,  and  which  extend  more  or  less  continuously  from  the 
coast  of  Provence  to  Savoy.  It  is  clear  that  there  was  here 
in  Miocene  times  a  great  arm  of  the  sea,4  which  during 
certain  epochs  appears  to  have  reached  the  plain  of  Central 
Switzerland.  But  the  conditions  were  not  uniform  during 
the  whole  of  the  period,  and  only  the  middle  portion  of  the 
Miocene  is  marine  throughout  the  whole  area. 

According  to  Deperet  (11)  the  Tertiary  deposits  of  the 
Rhone  basin  may  be  grouped  as  follows  (in  ascending 
order)  : — 
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/  I.  Aquitaman. — Rests  directly  upon  the  Cretaceous.  Marine 
J  on  the  coast  of  Provence,  west  of  Marseilles.  Brackish  farther 
j  inland,  where  one  of  the  most  characteristic  deposits  is  a  limestone 
l with  Helix  Ramondi. 

II.  Faluns  of  Sausset  and  Sands  with  Scutella  paulensis. — ■ 
Conformably  succeeds  the  Aquitanian.  On  the  coast,  light 
"  coloured,  sandy  and  gritty  beds  (“  Faluns  of  Sausset  ”)  with 
numerous  gasteropods,  Pecten  vindascinus ,  etc.  Farther  towards 
The  north  the  typical  facies  consists  of  sands  with  Scutella  paulensis; 


MESOZOIC  AND  KAINOZOIC  GEOLOGY  IN  EUROPE.  333 


V 

e 

u 

o 


<5 


( Pecten  occurs  and  the  deposits  are  clearly  marine,  but  fossils  are 
not  common.  Does  not  extend  farther  north  than  the  valley  of 
the  Drome. 

III.  Marly  and  calcareous  molasse  with  Pecten  praescabriuscu- 
lus. — Extends  from  the  coast  up  the  valley  nearly  as  far  as  Monte* 
limart;  and  there  leaves  the  river  altogether,  running  up  as  a 
narrow  band  towards  the  north-east  into  Savoy. 

IV.  Sandy  molasse. — Marine  sands  and  sandstones.  Covers 
the  whole  region  occupied  by  III.  and  extends  also  farther  to  the 
west.  Its  western  boundary  closely  follows  the  borders  of  the 
Central  Plateau.  Beds  like  the  Austrian  “  Schlier  ”  occur  near 
the  base. 

V.  Upper  molasse  with  Cardita  Jouanneti. — -In  the  centre  of 
the  Rhone  Valley  IV. '  is  succeeded  by  a  return  of  marly  and 
calcareous  deposits  ;  but  these  are  less  extensive  and  are  absent 
to  the  north  of  Lyon  and  in  Switzerland. 

VI.  Upper  brackish,  fresh-water  and  jluviatile  Miocene. — The 
last  mentioned  series  (V.)  forms  the  close  of  the  marine  Miocene 
and  it  is  succeeded  by  brackish  and  fresh-water  beds.  These  are 
absent  in  the  greater  part  of  Provence  and  do  not  extend  farther 
south  than  Aix. 

VII.  Beds  with  Congeria  s ub- B aster oti. — Occur  only  locally. 
None  of  the  species  agree  with  those  found  in  the  Congeria  beds 
^of  Austria  and  the  author  places  them  at  a  higher  horizon. 


Thus  it  appears  that  at  the  close  of  Oligocene  times  the 
sea  washed  the  shores  of  Provence  :  but  it  did  not  extend 
farther  inland  than  at  present.  The  valley  of  the  Rhone 
was  occupied  by  a  series  of  lagoons  lying  along  the  foot  of 
the  sub- Alpine  chains.  During  the  progress  of  the  Miocene 
period  the  sea  spread  up  the  valley,  and  the  gulf  so  formed 
continued  to  increase  in  size  up  to  the  time  of  the  deposition 
of  the  beds  of  Stage  IV.  After  this  it  again  retreated,  and 
during  the  later  stages  we  have  a  return  of  the  lagunary  con¬ 
ditions  which  prevailed  during  the  earlier  part  of  the  period. 

In  Austria  the  lower  part  of  the  Miocene  was  long  ago 
divided  by  Suess  into  a  first  and  a  second  Mediterranean 
stage.  But  later  observers  (Tietze,  Bittner)  have  con¬ 
sidered  that  these  are  merely  lateral  facies  of  the  same 
stage.  Deperet,  however,  agrees  with  Suess  and  groups 
the  beds  as  follows  : — 


First  Mediterranean  Stage. — Except  the  uppermost  bed,  exists  only 
outside  the  Alpine  zone  north  of  Vienna,  and  not  within  the  Vienna  basin 
proper.  Rests  directly  upon  the  crystalline  rocks  of  Bohemia  and  Moravia. 
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1.  Brackish  beds  of  Molt . — Marls  and  sands.  Probably  Aquita- 

nian,  or  the  extreme  base  of  the  Miocene. 

2.  Sands  of  Loibersdo rf. — Mostly  marine,  but  still  contain  beds  with 

Pot  amides,  etc. 

3.  Sands  of  Gauderndorf. — Rich  marine  fauna;  in  general  identical 

with  that  of  Stage  II.  in  the  Rhone  Valley. 

4.  Marly  calcareous  horizon  of  Eggenburg. — Overlaps  the  last. 

Contains  Pecten  praescabriusculus  and  represents  Stage  III.  of 
the  Rhone. 

5.  Schlier. — Blue  clays  with  sandy  beds.  Molluscan  fauna  poor. 

Probably  the  equivalent  of  the  lower  part  of  IV. 

Second  Mediterranean  Stage. — Rests  upon  the  Schlier  in  the  extra  - 
Alpine  part  of  the  Danube  basin  and  with  the  Schlier  penetrates  into  the 
intra-Alpine  or  Vienna  basin  properly  so  called. 

1.  Horizon  of  Grund.  Sands  and  clays  with  marine  fauna,  includ¬ 

ing  some  species  of  the  first  stage.  A  few  brackish  forms. 
Probably  corresponds  with  the  upper  part  of  IV.  in  the  Rhone 
Valley. 

2.  Upper  beds.— Deposits  of  very  varied  character,  the  relations  of 

which  are  not  clear.  Deperet  believes  that  he  can  distinguish 
two  assises,  viz.  : — 

(a)  Leithakalk. — Marly  limestones  with  sandy  bands.  Largely 

made  up  of  nullipores,  bryozoa,  foraminifera,  etc. 
Littoral. 

(b)  Clays  of  Baden. 

Sarmatian. — Brackish  and  uniform  fauna  characterised  by  abundance 
of  Cerithium .  Trochus  podolicus ,  Donax  lacida ,  etc.,  are  characteristic 
forms. 

Pontian. 

1.  Beds  with  Congeria  sub-globosa. — Me/anopsis,  Congeria.  Brackish. 

2.  Belvedere  gravels. — Fluviatile.  Sands  and  pebbles  which  form  a 

kind  of  carpet  over  the  whole  basin. 

Hence  in  Austria  also  the  series  commences  with  brack¬ 
ish  deposits  ;  and  the  beds  become  more  and  more  marine 
in  character  till  we  reach  the  second  Mediterranean  stage  ; 
while  the  Sarmatian  and  Pontian  denote  the  return  of  brack¬ 
ish  and,  finally,  of  fluviatile  conditions. 

In  Switzerland  we  have  : — 

A.  Aquitamian. — Brackish  ;  with  Potarnides ,  Helix  Ramondi ,  etc. 

B.  Grey  molasse  of  Lausanne. — Fresh-water  sands  with  a  rich  flora.. 

The  mammalian  remains  show  a  certain  approach  to  the 
Oligocene  type. 

C.  Marine  molasse. — The  Lausanne  beds  pass  up  insensibly  into 

sandstones  which  contain  Pecten  praescabriusculus,  etc.,  in  the 


MESOZOIC  AND  KAINOZOIC  GEOLOGY  IN  EUROPE .  335 


lower  beds,  etc.,  Cardita  Jouanneti  in  the  upper.  Clearly 
marine:  represent  Stages  III.-V.  of  the  Rhone  Valley. 

D.  Upper  fresh-water  molasse.-— (Oeningien).  Sandy  at  the  base, 
marly  and  calcareous  above.  Helix  moguntina ,  and  H.  sylvana 
are  especially  characteristic.  In  the  Rhone  Valley  these  forms 
occur,  not  in  the  upper  fresh-water  beds  (VI.)  but  intercalated 
among  the  marine  beds  below,  with  which  therefore  the  Swiss 
D.  must  be  correlated. 

Thus  in  Switzerland  there  was  a  similar  incursion  of  the 
sea  during  the  middle  of  the  Miocene  period  ;  but  it  began 
later  and  ended  earlier  than  in  the  basin  of  the  Rhone. 

The  Swiss  Miocene  is  continued  to  the  east  into 
Wurtemberg  and  Bavaria,  where  two  bands  can  be  recog¬ 
nised.  The  northern  extends  from  Constance  to  the  east 
and  north  towards  Ulm,  and  in  it  the  beds  are  almost 
undisturbed.  The  southern  passes  to  the  south  of  Lake 
Constance  through  the  Vorarlberg  and  the  southern  part  of 
Bavaria  into  Austria  ;  and  in  this  band  the  beds  have  shared 
in  the  foldings  of  the  Alps.  Here  also  the  same  general 
sequence  can  be  made  out,  and  the  marine  beds  occur  in 
the  middle  of  the  Miocene. 

M.  Deperet  also  briefly  notices  the  Miocene  of 
Italy1  and  of  Northern  and  Western  France,  and  finally 
gives  a  summary  of  his  results  in  the  form  of  a  table  of 
correlation. 

Returning  to  Austria,  in  the  Carpathians  and  the 
province  of  Lower  Austria  the  Cretaceous  (or  the  upper 
Cretaceous2)  and  the  lower  part  of  the  Tertiaries  are 
represented  by  a  thick  mass  of  sandstone,  which  is  generally 
unfossiliferous  and  is  commonly  known  as  the  Vienna  or 
Carpathian  sandstone.  This  sandstone  extends  towards 
the  north-west  into  Moravia,  where  it  forms  the  Steinitz- 
erwald  and  Marsgebirge,  which  run  from  west-south-west 
to  east-north-east  and  form  a  kind  of  sub-Carpathian  chain  ; 
and  here  it  has  been  examined  by  Paul  (26). 

1  Reference  may  here  be  made  to  a  paper  by  Sacco  (30),  which  gives  a 
short  account  of  the  Tertiaries  of  the  Turin  Hills. 

2 In  an  appendix  to  his  paper  (26)  Paul  maintains,  in  opposition  to 
Uhlig,  that  the  lower  Cretaceous  also  is  represented. 
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The  lowest  Tertiary  division  of  the  Carpathian  sand¬ 
stone  in  this  region  is  the  orbitoides  breccia,  which  is 
exposed  near  Auspitz  in  the  centre  of  an  anticlinal.  It  has 
sometimes  been  called  “  nummulite  sandstone,”  but  it 
contains  Orbitoides  and  not  Nummulites.  Excepting  for 
this  the  main  mass  of  the  Steinitzerwald  is  made  up  of 
the  next  succeeding  bed,  a  light-coloured  platy  sandstone 
called  the  Steinitz  sandstone,  which  near  Auspitz  passes 
into  marls  (Auspitz  marls).  The  so-called  “  upper  hiero¬ 
glyph  beds”  and  the  well-known  Menilit-schiefer  (Amphisyle- 
schiefer  of  Suess,  with  fish-remains)  are  really  local  facies 
of  the  same  deposit ;  and  lenticular  masses  of  clay  contain¬ 
ing  foraminifera  also  occur  locally.  No  exact  correlation 
can  be  attempted,  and  all  that  can  be  determined  is  that 
these  beds  belong  to  the  older  Tertiary. 

The  newer  Tertiaries  are  represented  by  the  Magura 
sandstone  (“  March-sandstein  ”  of  Glocker),  which  forms 
the  main  mass  of  the  Marsgebirge.  It  is  generally  a  coarse 
and  unequally-grained  quartzose  sandstone,  often  breccia¬ 
like  at  its  base  ;  and  fossils  are  rare  within  it. 

Thus  the  series  as  developed  here  consists  of :  — 

/Orbitoides  beds. 

Older  Tertiary.  \  Steinitz  sandstone  (including  the  Amphisyle  beds, 

(  Auspitz  marl,  etc.). 

Newer  Tertiary.  Magura  sandstone. 

These  beds  are  thrown  into  a  series  of  anticlinal  and 
synclinal  folds,  the  axes  of  which  run  from  south-west  to 
north-east,  parallel  to  the  direction  of  the  Carpathians  in 
this  area. 

The  lower  ground  to  the  north-west,  between  these 
mountains  and  the  older  rocks  north-east  of  Briinn,  has  been 
examined  by  von  Tausch  (38),  who  devotes  the  greater 
part  of  his  paper  to  the  description  of  the  Miocene  deposits. 
These  all  belong  to  the  second  Mediterranean  stage  and 
consist  of  sands,  marls,  clays,  etc.,  with  nullipore  limestones 
and  sandstones  in  the  upper  part.  Excepting  locally  the 
beds  are  horizontal  :  to  the  west  they  probably  rest  directly 
upon  the  Culm,  to  the  east  upon  the  Flysch  of  the  Car¬ 
pathians. 
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Somewhat  farther  towards  the  north,  Toula  (39)  notes 
the  occurrence  of  Miocene  at  Kralitz,  near  Prossnitz. 
There  are  two  series,  the  lower  of  which  consists  of  yellow 
or  greenish  marls  (Schlier)  and  contains  masses  of  Pecten 
denudatus ;  while  the  upper  is  composed  of  loose  marls 
with  numerous  fossils.  In  these  upper  beds  foraminifera, 
bryozoa  and  echinodermata  predominate  ;  and  of  the  forami¬ 
nifera  there  are  no  fewer  than  no  species. 

South  of  the  Steinitzerwald,  near  Saitz,  Redlich  (27)  has 
obtained  a  number  of  Miocene  fossils,  the  most  abundant 
of  which  are  Ancillaria  glandiformis  (which  occurs  in 
thousands),  Cerithium  crenatum ,  etc. 

In  Styria  the  border  of  the  great  Austrian  basin  has 
been  examined  by  Hilber  (16),  where,  to  the  west  of  Gratz, 
the  Tertiary  deposits  rest  upon  the  schists  of  the  Eastern 
Alps.  The  Miocene  commences  with  a  lacustrine  facies, 
consisting  of  clays  with  beds  of  lignite,  and  some  limestones. 
These  belong  to  the  first  Mediterranean  stage  and  are 
succeeded  by  the  Sarmatian,  which  includes  limestones, 
sands  and  clays  with  Cerithium  rubiginosum ,  Trochus 
podolicus  and  other  typical  Sarmatian  fossils.  The  eastern 
part  of  the  area  is  occupied  by  the  Pontian,  which  is  chiefly 
remarkable  for  the  number  of  its  plant  remains ;  while 
the  succeeding  Thracian  or  Belvedere  beds  (upper  part  of 
Dep^ret’s  Pontian)  are  of  the  normal  character  and  contain 
Acerathemum  incisivum.  Mastodon  longirostris ,  etc. 

In  the  South-west  of  Russia  there  is  a  very  extensive 
area  of  Tertiary  deposits,  and  these  have  been  examined 
by  Ivanova  (17)  along  the  left  bank  of  the  Dniester  in 
Podolia.  His  remarks  are  directed  towards  the  Sarmatian, 
the  fauna  of  which  he  describes  ;  and  he  has  been  led  to 
divide  this  stage  into  a  number  of  horizons  according  to 
the  species  of  Cerithium } 

In  the  western  parts  of  Turkey  in  the  province  of 
Albania,  there  is  an  extensive  basin  of  Tertiary  deposits, 
which  extends  from  Kanina  to  the  south  of  Avlona  and 

1  These  horizons  are  not  very  distinctly  defined.  The  Cerithia  appear 
to  have  changed  very  gradually. 
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inland  as  far  as  Berat.  It  occupies,  in  fact,  a  roughly 
triangular  area  where  the  higher  mountain  chains  recede  a 
little  from  the  coast.  The  whole  of  this  basin  has  been 
referred  by  Coquand  to  the  Pliocene.  The  lower  beds 
consist  of  bluish  clay,  and  the  upper  mainly  of  sands  and 
conglomerates  with  Janira  jacobaea ,  etc.  Simonelli  (34) 
has  recently  examined  the  fossils  which  come  from  a  sand 
near  Selenitza  (evidently  belonging  to  the  upper  series), 
and  his  list  confirms  Coquand’s  views.  Excepting  Pota- 
mides  pictum ,  which  is  a  Sarmatian  form,  all  the  fossils  are 
common  Mediterranean  Pliocene  forms  ;  and  they  indicate 
deposition  in  brackish  water. 

QUATERNARY. 

Concerning  the  post-pliocene  deposits  there  is  but  little 
to  say.  Wahnschaffe  (40)  describes  the  occurrence,  near 
Berlin,  of  a  Paludina  bed  1  below  the  lower  boulder  clay, 
made  up  largely  of  Paludina  diluviana.  This  species  now 
lives  in  the  lower  part  of  the  Danube  in  Dobrudscha  and 
it  has  been  found  as  an  erratic  in  the  lower  boulder  clay 
of  Germany.  Its  presence  there  was  difficult  to  explain 
until  it  was  shown  that  it  had  lived  in  that  country  before 
the  glacial  period. 

In  the  province  of  Basilicata,  in  the  South  of  Italy, 
Lorenzo  (21)  notes  the  existence  of  morainis  on  the  moun¬ 
tains  of  the  Sireno  group,  showing  that  the  cold  of  the 
glacial  period  was  felt  even  as  far  south  as  this. 

Remains  of  the  pre-historic  period  in  France  have  been 
noted  by  Tardy  (37)  at  Maz  d’Azil  in  the  department  of 
Ariege  and  by  Givod  and  Massenat  (15)  in  the  valley  of 
the  Vezere  in  Dordogne. 
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Philip  Lake. 


THE  LOCALISATION  OF  ENZYMES  IN  PLANTS, 
WITH  SOME  CONSIDERATIONS  AS  TO 
THE  DIFFERENTIATION  OF  GLANDULAR 
STRUCTURES. 

IN  the  processes  of  nutrition  which  are  observable  in  the 
vegetable  organism,  two  essentially  different  modes  of 
procedure  have  made  themselves  prominent.  In  the  great 
majority  of  plants  we  find  constructive  methods  most  easily 
visible.  The  green  plant,  taking  in  extremely  simple  sub¬ 
stances  by  its  leaves  and  its  roots,  builds  them  up  into  more 
complex  ones,  till  such  substances  are  prepared  as  are 
suitable  to  nourish  the  living  protoplasm.  These  processes, 
which  we  may  speak  of  as  constructive,  are,  however,  inter¬ 
mittent.  The  decomposition  of  C02,  and  the  subsequent 
elaboration  of  food  material,  takes  place  under  the  com¬ 
bined  influences  of  chlorophyll  and  sunlight.  As  soon, 
therefore,  as  these  cease  to  co-operate,  the  processes  of  con¬ 
struction  cease.  We  have  such  inter mittence  caused  by  the 
alternation  of  day  and  night,  and  by  the  changes  due  to  the 
sequence  of  the  seasons.  As,  however,  life  continues  in  the 
organism,  in  spite  of  this  intermittence,  and  as  the  vital  pro¬ 
cesses  necessitate  the  continuous  nutrition  of  the  living  sub¬ 
stance,  it  is  evident  that  there  must  be  a  further  accessory 
series  of  operations  to  supply  the  necessary  pabulum  when 
construction  is  in  abeyance.  While  it  is  active,  much  more 
elaborated  material  is  prepared  than  is  needed  for  the  time 
being,  and  the  surplus  is  deposited  in  the  tissues  temporarily, 
forming  a  fund  on  which  the  organism  may  draw  in  the  inter¬ 
vals  of  such  construction.  We  find,  consequently,  in  plants, re¬ 
servoirs  of  nutritive  material  of  various  kinds,  placed  in  many 
different  regions  ;  some,  in  small  amount,  intended  to  carry 
on  nutrition  during  small  periods  of  time  ;  others,  containing 
large  quantities,  destined  to  serve  the  plant  during  longer 
intervals.  The  utilisation  of  these  materials,  wherever  stored, 
and  for  whatever  period,  is  a  different  process  from  the  first 
one,  involving,  instead  of  constructive  processes,  those  ot 
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decomposition,  or  splitting  up  of  the  very  complex  substances 
into  more  simple  ones,  capable  of  travelling  from  the  centre 
of  deposition  and  of  immediate  assimilation.  We  have, 
indeed,  the  process  typically  shown  in  the  animal  body,  a 
true  digestive  act.  Moreover,  in  plants  as  well  as  animals 
this  digestion  is  carried  out  by  the  agency  of  enzymes  or  fer¬ 
ments.  These  bodies,  indeed,  with  the  doubtful  exceptions 
afforded  by  the  so-called  carnivorous  plants,  seem  to  be 
formed  entirely  with  a  view  to  the  utilisation  of  the  reserve 
materials,  deposited  as  we  have  seen  in  the  plant  tissues, 
when  constructive  metabolism  is  in  excess  of  immediate 
requirements. 

In  seeking  to  determine  the  distribution  of  ferments  or 
enzymes  in  the  plant  tissues  it  is  advisable  first  to  ascertain 
where  the  reserve  materials  are  deposited,  and  in  what 
forms.  In  many  cases  this  is  extremely  easy.  Seeds, 
tubers,  bulbs,  fleshy  stems  and  roots  may  be  seen  to  contain 
them  in  large  quantity.  The  cells  are  frequently  found  to 
be  crowded  with  starch  grains,  drops  of  oil,  or  proteid 
materials,  in  the  form  of  aleurone  grains  ;  the  cell-sap  may 
be  found  to  contain  large  quantities  of  soluble  carbohydrates, 
such  as  sugar  or  inuline.  In  certain  cells  in  the  wood  of  trees 
the  winter  supply  may  be  demonstrated  to  exist  in  various 
forms,  of  which  starch  is  the  most  widely  distributed.  In 
other  cases  the  detection  is  more  difficult ;  complex  gluco- 
sides  are  found  by  proper  treatment  to  be  present  in  more 
restricted  localities.  Compounds  of  phosphorus  may  be 
detected  stored  up  in  definite  layers  of  cells  in  particular 
seeds  (1).  All  these  forms  are  intended  to  nourish  the 
plant  during  seasons  of  inactivity  lasting  for  some  time. 
From  certain  recent  researches  (2),  it  appears  that  the 
starch  grains  that  are  so  constantly  seen  in  the  chlorophyll 
corpuscles  of  the  leaves  during  vigorous  assimilation,  are 
equally  reserve  materials,  intended  primarily  to  nourish  the 
plant  during  the  period  of  darkness,  or  to  be  transported 
later  to  more  permanent  reservoirs.  In  the  very  simplest 
plant,  whose  body  is  composed  of  only  a  single  cell,  these 
materials  may  be  found  to  be  stored  up  in  the  protoplasmic 
contents,  and  to  disappear  at  particular  times. 
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Somewhere  in  the  neighbourhood  of  these  reserve  ma- 
terials  therefore,  sometimes  in  the  very  cells  containing  the 
reserves,  the  enzyme  may  be  expected  to  occur.  Where 
not  in  the  cells  themselves,  it  might  well  be  supposed  that 
the  differentiation  of  internal  tissues  would  lead  to  the  local¬ 
isation  in  special  cells  of  the  agent  needed  for  digestion. 

In  attempting  to  identify  the  localities,  two  methods  of 
procedure  are  open  to  the  inquirer.  The  microscope  will 
show  their  presence,  if  they  are  sufficiently  distinctive  to 
present  any  peculiar  structure  or  reactions.  Or  their 
presence  may  be  ascertained  by  putting  pieces  of  tissue 
which  are  suspected  to  contain  them,  in  such  conditions  as 
will  lead  to  their  action,  and  the  formation  of  recognisable 
products. 

Both  these  methods  present  considerable  difficulty,  but 
both  have  been  attempted,  and  with  more  or  less  success. 
In  the  case  of  animal  cells,  which  are  most  easy  to  examine 
by  the  methods  familiar  to  the  histologist,  the  protoplasm 
of  secreting  gland  cells  has  been  found  to  show  a  peculiar 
and  characteristic  granularity,  and  the  amount  of  the  granules 
has  been  found  to  vary  pari  passu  with  the  amount  of 
ferment  that  can  be  extracted  from  them.  When  applied 
to  vegetable  histology,  however,  the  granularity  fails  to  be 
a  guide  on  which  reliance  can  be  absolutely  placed.  The 
vegetable  cell  usually  contains  relatively  little  protoplasm, 
and  the  materials  found  to  be  in  solution  in  the  cell-sap 
interfere  very  much  with  the  processes  of  staining. 

It  has,  however,  been  shown,  though  in  somewhat 
general  fashion,  that  where  a  vegetable  tissue  is  the  seat 
of  an  active  zymotic  power,  the  cells  are  found  to  possess 
a  markedly  granular  protoplasm.  Gardiner  (3)  pointed  this 
out  in  the  cells  of  Dionsea,  the  Venus’s  fly-trap,  where  the 
glands  are  comparatively  isolated  in  position.  Brown  and 
Morris  (4)  showed  it  to  be  the  case  in  the  epithelium  of  a 
particular  part  of  the  seed  of  the  grasses,  from  which  they 
extracted  two  different  enzymes.  Marshall  Ward  (5)  found 
coarse  granularity  in  certain  fungi,  when  ferment  could  be 
proved  to  exist  in  the  same  hyphae  as  the  granules  ;  other 
observers  have  found  the  same  appearances  in  pollen  tubes 
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(6).  Guignard  has  noted  similar  granularity  in  cells  proved 
by  other  means  to  contain  emulsin,  in  the  almond  and  the 
laurel  (7).  In  the  cells  which  cover  the  embryo  in  various 
palms,  and  which  eat  into  the  horny  endosperm  in  which 
this  structure  is  impacted,  the  same  granularity  may  by 
appropriate  treatment  be  made  visible. 

Mere  granularity,  however,  is  not  a  sufficient  test  for 
the  existence  of  the  enzymes.  Various  staining  reactions  have 
also  been  used,  though  not  with  uniform  results.  Wiesner 
(8)  nearly  ten  years  ago  advocated  the  use  of  an  alcoholic 
solution  of  orcin,  supplemented  by  boiling  the  tissue  with 
strong  hydrochloric  acid.  He  obtained  thus  a  definite  color¬ 
ation  of  the  contents  of  the  cells  in  which  various  ferments 
occurred,  the  colour  varying  with  the  nature  of  the  ferment. 
By  this  method  he  thought  he  would  be  able  to  determine, 
not  only  the  presence  of  an  enzyme,  but  to  identify  it.  The 
method  was  later  shown  to  be  inconclusive,  as  many  other 
bodies  give  similar  colour  reactions.  It  cannot  therefore  be 
relied  on,  unless  the  cells  examined  are  known  to  contain 
none  of  these,  a  very  difficult  matter,  as  most  of  the  known 
carbohydrates  are  among  the  bodies  which  give  the  reaction. 
Hydrochloric  acid  by  itself  gives  distinctive  colours  with  the 
different  enzymes  ;  diastase  turns  red,  and  later  on  brown, 
emulsin  becomes  violet,  papain  orange-red,  trypsin  greenish- 
yellow.  Again,  however,  experiments  with  other  bodies 
show  by  their  behaviour  that  the  results  are  not  to  be 
relied  upon  as  distinctive.  The  cells  generally  contain,  in 
addition  to  the  enzymes,  considerable  quantities  of  proteids, 
and  these  are  affected  in  various  ways,  giving  rise  to  colour 
reactions  that  resemble  those  first  described.  It  thus  be¬ 
comes  difficult  or  impossible  to  say  with  confidence  what 
body  is  the  one  to  which  any  particular  colour  reaction 
is  due.  Though  we  cannot  give  any  general  test  of  this 
kind  for  the  presence  of  an  enzyme,  yet  particular  ones  may 
be  detected  by  careful  experiments.  The  most  success¬ 
ful  investigations  in  this  direction  are  those  which  have 
recently  been  carried  out  by  Guignard  (9)  on  the  glucoside- 
splitting  ferments  yielded  by  the  Cruciferse  and  the  Rosaceae. 
He  detected  them  first  in  the  leaf  of  the  cherry  laurel. 
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The  cells  of  a  particular  region  of  the  tissue  are  marked 
by  the  finely  granular  character  of  their  protoplasm,  and 
their  freedom  from  starch  or  chlorophyll,  though  a  certain 
amount  of  tannin  is  present  in  them,  and  they  are  richer 
in  proteids  than  the  other  cells  of  the  leaf.  Using  Millon’s 
reagent,  which  is  a  mixture  of  the  two  nitrates  of  mercury, 
all  the  cells  of  the  leaf  blackened,  but  the  colour  was  deepest 
in  those  in  question.  On  warming,  the  black  tint  gradually 
disappeared,  and  was  replaced  by  an  orange-red  in  the  cells 
containing  the  enzyme,  and  by  a  faint  pink  in  the  ordinary 
parenchyma.  In  an  allied  species,  Cerasus  lusitanica ,  which 
contains  tannin,  but  not  enzyme,  in  the  corresponding  cells, 
this  orange-red  coloration  was  not  found  to  be  developed 
by  the  same  treatment.  The  reaction  was  not  therefore 
due  to  the  tannin,  but  to  some  peculiar  proteid  constituent 
with  which  the  enzyme  is  associated,  or  to  the  enzyme 
itself,  probably  the  former,  as  it  resembles  fairly  closely  the 
ordinary  proteid  behaviour  with  Millon’s  reagent  By  the 
presence  of  this  proteid  body,  and  its  response  to  the  test, 
the  enzyme-containing  cells  could  be  recognised.  Con¬ 
firmatory  tests  for  proteids  bore  out  this  opinion.  CuS04 
and  KHO  coloured  these  cells  a  violet-pink,  while  cells  con¬ 
taining  only  tannin  did  not  react  to  it  more  than  ordinary 
parenchyma  cells  with  their  lining  of  protoplasm,  which 
stained  a  pale  pink  without  admixture  of  violet.  Similar 
experiments  led  to  the  recognition  of  certain  special  cells 
in  various  tissues  of  the  horse-radish  and  other  cruciferous 
plants  (10)  which  stood  out  in  marked  contrast  from  their 
neighbours.  They  became  orange-red,  while  the  ordinary 
parenchyma  in  which  they  were  embedded  only  took  on  a 
pale  pink  tinge.  With  Fehling’s  fluid  these  could  also  be 
distinguished.  The  proteid  contents  could,  with  a  little 
care,  be  distinguished  from  the  protoplasm  of  the  cells  in 
which  they  were  found.  Treatment  with  alcohol  of  5°  Per 
cent,  strength  caused  the  whole  contents  to  shrink  a  little 

O 

from  the  cell  wall,  and  the  proteid  granules  shrank  from  the 
protoplasm  itself,  so  that  the  contents  and  the  protoplasm 
could  be  seen  separately.  The  latter  was  coloured  orange- 
red  by  subsequent  treatment  by  Millons  reagent,  while 
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the  protoplasm  was  only  tinted  pink.  Various  aniline 
dyes  also  stained  the  granules.  The  determination  and 
identification  of  the  proteid  did  not,  however,  establish  the 
existence  of  the  enzyme.  Subsequent  experiments  of  a 
different  character  were  necessary  to  show  its  presence. 
These,  however,  did  demonstrate  the  fact  of  its  occurrence 
with  the  proteid,  so  that  the  latter  formed  a  test  for  the 
ferment,  and  enabled  its  whereabouts  to  be  ascertained. 

The  second  line  of  investigation  indicated  above,  viz., 
the  obtaining  of  evidence  of  the  action  of  the  ferment, 
by  putting  the  suspected  tissues  into  the  necessary  position 
for  such  activity,  also  presents  special  difficulties.  Such  -a 
line  was  followed  by  Guignard  in  the  experiments  last 
referred  to.  The  difficulties  are  mainly  mechanical,  and 
consist  of  the  delicate  manipulation  necessary  to  isolate  the 
cells  which  are  suspected  to  contain  the  enzyme.  In  the 
laurel  leaf  these  cells,  as  we  shall  see  later,  occur  in  a 
sort  of  band  or  sheath  round  the  fibro vascular  bundles,  and 
it  is  possible  to  cut  sections  of  the  leaf  consisting  of  but 
little  besides  this  sheath.  I  he  property  possessed  by  this 
ferment,  emulsin ,  is  the  decomposition  of  the  glucoside 
amygdalin  into  sugar,  benzoyl-aldehyde  and  hydrocyanic 
acid,  the  latter  two  of  which  possess  characteristic  odours. 
Thin  sections  taken,  including  the  cells  of  the  sheath,  were 
kept  for  a  short  time  in  a  1  per  cent,  solution  of  amygdalin 
at  50°  C.,  and  speedily  the  peculiar  smell  gave  evidence  of 
the  action  of  the  enzyme.  Instead  of  sections  being  made 
through  the  tissue  in  which  the  sheath  lay,  the  sheath  itself 
was  afterwards  dissected  carefully  out  and  treated  similarly, 
when  very  rapidly  the  odour  made  itself  evident. 

The  same  method  of  treatment  was  adopted  in  testing 
for  the  enzyme  in  the  Cruciferse.  1  his  ferment  is  myrosin , 
and  the  glucoside  on  which  it  acts  yields  on  decomposition 
sulphocyanate  of  allyl,  the  aromatic  principle  found  in  oil  of 
mustard.  The  special  cells  which  give  the  reactions  already 
mentioned  can  be  separated  in  a  definite  layer  in  the  wall¬ 
flower,  and  the  piece  of  tissue  so  dissected  out  causes  the 
evolution  of  this  odour  when  digested  for  a  short  time  with 
a  solution  of  the  glucoside. 
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This  method,  in  some  cases,  yields  very  striking  results, 
although  the  preliminary  difficulties  of  dissection  are 
very  great.  One  of  the  most  successful  instances  of 
its  application  is  given  by  Marshall  Ward  (io)  in  his  ex¬ 
periments  upon  rhamnase ,  an  enzyme  causing  decomposition 
of  a  glucoside  present  in  the  fruit  of  Rhamnus  infect  onus , 
the  so-called  “  Persian  berry”.  This  fruit  yields  a  valuable 
dye  of  a  bright  yellow  colour,  which  is  one  of  the  products 
of  the  splitting  up  of  the  glucoside.  On  preparing  a  solu¬ 
tion  of  the  glucoside  from  the  pericarp  of  the  fruit,  and 
putting  a  small  piece  of  the  suspected  tissue  upon  its 
surface,  so  that  it  floated,  the  action  was  visible  in  the 
course  of  a  few  minutes.  In  ten  minutes  the  floating  piece 
of  tissue  was  covered  with  a  golden-yellow  precipitate  of 
the  colouring  matter  ;  in  twenty  minutes  clouds  of  the  same 
precipitate  were  sinking  through  the  solution,  and  in  less 
than  an  hour  the  bottom  of  the  test  tube  which  contained 
it  was  covered  by  a  layer  nearly  two  millimetres  deep. 

Nor  is  it  only  with  glucoside  ferments  that  this  method 
has  succeeded.  Brown  and  Morris  (4)  detected  diastase 
in  particular  cells  by  isolating  plates  of  them,  and  warming 
them  on  the  surface  of  gelatinised  starch  paste.  Where  the 
particular  cells  rested,  the  starch  became  liquefied  and  sugar 
was  formed.  Strasburger  showed  the  presence  of  the  same 
body  in  pollen  tubes,  by  allowing  them  to  grow  in  solutions 
containing  starch,  when  again  hydrolysis  took  place. 

In  cases  where  the  enzyme  exists  side  by  side  in  one 
cell  with  the  body  in  which  it  works,  its  presence  may 
be  noted  by  warming  the  tissue  containing  them  to  about 
40°  C.,  for  some  time.  Microscopic  examination  will  then 
be  sufficient  to  show  where  the  action  is  taking  place  ;  it 
the  body  be  solid,  as  in  the  case  of  starch  or  aleurone,  the 
disappearance  of  the  grains  will  at  once  be  evident ;  if  it  be 
in  solution,  as  in  that  of  sugar  or  inuline,  micro-chemical  tests 
can  easily  be  applied. 

By  these  various  means  the  locality  of  the  ferment- 
containing  tissue  can  in  most  cases  be  satisfactorily  estab¬ 
lished,  and  a  study  of  its  distribution  renders  evident  a 
variable  degree  of  differentiation,  extending  from  the  simple 
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specialised  vegetable  cell  to  a  complex  and  well-marked 
tissue,  corresponding  closely  in  structure  and  function  to 
the  secreting  gland  of  the  animal  body. 

In  the  simplest  cases  of  secretion  we  find  the  ferment 
formed  in  the  same  cell  as  its  appropriate  reserve  material. 
Such  may  be  seen  in  the  pollen  grains  of  many  plants  ( 1 1 ), 
and  in  various  unicellular  fungi.  Many  pollen  grains  have 
been  shown  to  contain  either  diastase  or  invertase,  or  both, 
and  in  them  simultaneously  may  be  found  starch,  or  cane 
sugar.  In  other  cases  the  unicellular  organism  does  not 
contain  such  reserve  materials,  but  usually  lives  in,  or  upon, 
a  medium  which  does.  The  ferment  formed  by  the  plant 
is  then  excreted  into  the  medium,  performs  its  work  there, 
and  the  cell  absorbs  the  products  of  its  activity.  Such  ex¬ 
cretion  has  been  shown  in  the  life  history  of  many  bacteria, 
some  indeed  showing  the  power  of  forming  different 
enzymes  according  to  the  medium  on  which  they  find 
themselves  ( 1 2)  growing.  In  fungi  of  a  little  higher  type 
the  course  of  procedure  is  the  same,  but  the  secretion  of 
the  enzyme  is  confined  to  particular  parts  of  the  much 
branched  cell,  or  to  particular,  generally  terminal,  cells  of 
the  mycelium.  Turning  to  the  higher  plants,  we  find  in 
the  pollen  tube  a  similar  formation  of  ferment,  which  is 
extruded  at  definite  places,  sometimes  by  well-defined  pores 
into  the  tissue  through  which  the  pollen  tube  is  growing, 
and  which  contains  the  appropriate  reserve  materials. 

In  these  comparatively  lowly  growths,  the  absence  of 
differentiation  renders  it  extremely  difficult  to  say  much 
about  the  localisation  of  the  enzyme.  Probably  it  is  co¬ 
terminous  with  the  cell  protoplasm,  though  more  of  it  may 
be  at  one  part  of  the  cell  than  another.  In  higher  plants,  with 
great  complexities  in  the  arrangement  of  tissues,  more 
approach  to  specialisation  can  be  seen. 

We  find  conspicuous  cases  of  very  wide  distribution 
even  among  these  higher  forms.  Thus,  diastase  has  been 
determined  with  some  precision  to  exist  almost  everywhere 
in  the  young  and  green  parts  of  nearly  all  plants  (13),  besides 
being  specially  marked  in  parts  hidden  from  the  light,  such 
as  seeds  and  tubers.  This  enzyme  varies  very  much  in 
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quantity,  not  only  in  various  parts  ot  a  plant,  but  in.  the 
same  part  at  different  times.  In  the  resting  potato  tuber,  for 
instance,  little  can  be  detected  ;  but  as  germination  begins, 
the  enzyme  makes  its  appearance  close  to  the  growing  part, 
and  later,  appears  regularly  farther  in  the  interior  (14),  till 
it  can  be  found  throughout  its  substance.  Diurnal  variation 
has  been  noted  in  the  case  of  leaves,  more  being  found  in 
the  early  morning  than  at  sunset,  the  quantity  gradually 
increasing  as  darkness  advances  (2). 

Diastase  is,  however,  the  only  enzyme  which  has  such  a 
wide  distribution.  Most  other  reserve  matters  than  starch 
are  deposited  in  very  definite  parts  of  the  plant,  and  their 
appropriate  enzymes  are  generally  restricted  to  similar 
confined  areas.  The  enzyme  that  most  resembles  dias¬ 
tase  in  being  found  in  a  variety  of  tissue  is  vegetable 
rennet,  though  the  latter  does  not  occur,  as  does  the  former, 
in  nearly  all  plants.  We  find  rennet  in  seeds,  both  during 
and  before  germination  ;  in  fruits  and  flowers,  even  in  the 
bast  of  certain  stems.  It  is  difficult  to  explain  its  wide¬ 
spread  presence,  because  we  do  not  yet  know  exactly  what 
decomposition  it  sets  up.  Other  enzymes,  whose  working 
is  more  fully  known,  are  much  more  limited  in  their  distri¬ 
bution.  We  begin  to  find  a  glandular  tissue  hinted  at, 
though  the  same  cells  often  function  as  storehouses.  1  hus 
the  proteolytic  ferment  may  be  found  in  the  cells  of  the 
seeds  of  various  members  of  the  natural  order  Leguminosse, 
particularly  in  those  of  the  cotyledons  (15)?  where  it  extends 
very  uniformly  throughout  the  cells.  I  here  is  not  in 
such  a  structure  a  differentiation  which  can  be  detected 
in  more  complex  cases  where  a  gradual  process  of  diges¬ 
tion  can  be  seen  to  spread  from  certain  definite  starting- 
points.  An  irregular  or  patchy  digestion  can  be  seen  in 
the  disappearance  of  the  oil  from  the  endosperm  cells  of 
Ricinus  communis  (16). 

This  rudimentary  differentiation  does,  however,  lead  up 
to  a  higher  one,  where  certain  cells  secrete  enzyme  only, 
and  in  tracing  this  increase  of  complexity,  we  can  note  it 
taking  place  very  gradually.  We  can  notice,  first,  as  a 
stage  just  beyond  the  one  last  described,  cases  where  special 
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ferment-secreting  cells  occur  in  the  midst  of  those  containing 
reserve  materials,  but  not  possessing  any  themselves.  This 
has  been  noted  with  wonderful  care,  patience  and  precision, 
by  Guignard  (7),  (9)  and  (17),  in  his  researches  on  the 
Cruciferae  and  other  natural  orders,  which  have  already  been 
alluded  to.  The  first  case  in  which  successful  investigations 
were  made  was  the  root  of  the  horse-radish.  Using;  the 
micro-chemical  tests  that  we  described  above,  special  cells 
were  detected  among  the  parenchyma  of  different  regions, 
which  indicated  the  enzyme  they  contained  by  the  character 
of  their  protoplasm  and  their  contents.  They  formed  no 
regular  bands  of  tissue,  nor  were  they  usually  grouped  to¬ 
gether  ;  in  transverse  diameter  they  were  about  the  same 
as  those  in  which  they  were  embedded,  though  they  were  a 
little  larger  as  seen  in  longitudinal  sections.  In  various 
parts  of  the  root  they  varied  in  size,  shape,  and  degree  of 
aggregation. 

A  very  prolonged  and  painstaking  series  of  researches 
has  given  us  valuable  results  in  localising  these  secreting 
cells.  Begun  originally  on  the  root  of  the  horse-radish, 
they  have  been  extended  throughout  the  natural  orders, 
Cruciferse,  Capparidaceae,  Resedacese,  Tropseolacese,  and 
Limnanthaceae,  and  the  various  regions  of  typical  mem¬ 
bers  of  all  these  groups  have  been  carefully  scrutinised. 
One  fact  comes  out  in  them  all,  and  in  all  parts  of  them, 
that  the  ferment  and  the  glucoside  on  which  the  ferment 
works  are  always  enclosed  in  different  cells.  The  distribu¬ 
tion  may  be  briefly  summarised  as  follows  : — 

Roots. — Chiefly  in  the  cortex,  but  sparsely  in  the  wood. 
In  fleshy  roots  the  tissue  representing  the  wood  is 
mainly  parenchymatous,  and  contains  them.  In 
woody  roots  they  are  found  in  the  secondary  bast 
as  well  as  in  the  cortex,  and  to  a  less  extent  in  the 
medullary  rays.  In  the  Capparidacese  the  wood  con¬ 
tains  none,  but  some  are  found  in  the  pith.  In  the 
Resedacese  they  do  not  occur  farther  inwards  than 
the  bast. 

Stems. — There  is  a  good  deal  of  variety  observable  in 
different  species.  Speaking  broadly,  the  pericycle 
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and  the  tissue  derived  from  it  are  their  chief  seat, 
and  next  in  importance  is  the  secondary  bast.  When 
they  occur  in  the  wood,  it  is  generally  in  the  medul¬ 
lary  rays.  The  pith  also  shows  their  presence. 
Guignard  makes  nine  types  of  distribution  in  the 
stems  of  Cruciferae  : — 

(1)  The  pericycle  alone,  eg. ,  Lepidium  sativum, etc. 

(2)  The  pericycle,  and  the  primary  and  second¬ 

ary  bast,  eg.,  Erysimum  cheiranthoides. 

(3)  The  cortex  chiefly,  but  also  the  pericycle,  eg, 

Moricandia  hesperidiflora. 

(4)  The  cortex  and  the  bast,  under  a  thin  and 

sclerenchymatous  pericycle,  eg,  Iberis  amara, 
etc. 

(5)  The  cortex,  pericycle,  and  pith,  eg,  Nastur¬ 

tium  officinale,  etc. 

(6)  The  cortex,  pericycle,  and  secondary  bast,  eg. , 

Bunias  orientalis,  etc. 

(7)  The  cortex,  pericycle,  secondary  bast,  and 

pith,  eg.,  Raphanus  sativus,  etc. 

(8)  The  cortex  and  pericycle  chiefly ;  also  the 

primary  and  secondary  bast  and  pith, 
Brassica  nigra,  etc. 

(9)  The  cortex,  pericycle,  primary  and  secondary 

bast,  woody  parenchyma  and  pith,  eg.,  Coch¬ 
lear  ia  armoracea,  etc. 

The  distribution  is  somewhat  similar  in  the  other  families 
referred  to.  In  the  Limnanthese  they  lie  mainly  in  the 
lacunar  cortex,  but  a  few  are  to  be  found  in  the  bast ;  in 
the  Tropteolaceae  they  generally  form  groups  or  nodules  of 
cells  in  the  hypodermal  layer  of  the  cortex,  a  few  being  in 
the  bast. 

Leaves. — Species  that  contain  many  of  the  secreting  cells, 
in  the  axis  of  the  plant  generally  contain  them  in  the 
leaves  also,  and  the  relative  proportion  is  often 
greatest  there.  They  occur  throughout  the  meso- 
phyll,  but  are  usually  most  numerous  towards  the 
lower  surface.  In  some  leaves  they  are  localised  in 
the  mesophyll  and  the  pericycle  ;  in  others,  chiefly 
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in  the  pericycle  and  the  bast  of  the  veins.  In  a  few 
cases  they  occur  in  the  endodermis  of  the  bundles. 
In  the  Capparidaceae  they  are  found  two  or  three 
together,  the  groups  extending  throughout  the  par¬ 
enchyma. 

Flowers. — In  Capparidaceae  the  flower  contains  large 
numbersof  the  secreting  cells  in  both  sepals  and  petals. 
They  are  most  numerous  in  the  pulp  of  the  fruit. 
In  this  order  they  are  arranged  in  the  flower  and 
fruit  into  little  groups,  each  of  which  is  developed 
from  a  single  cell  which  becomes  prominent  while  the 
tissue  is  still  very  young.  In  Tropaeolum  they  are 
very  prominent  in  the  tissue  of  the  spur.  In  the 
flowers  of  Cruciferae  they  are  chiefly  met  with  in  the 
carpels,  particularly  in  the  neighbourhood  of  the 
fibrovascular  bundles. 

Seeds. — In  Cruciferae  the  integuments  of  the  seed  alone, 
or  both  embryo  and  integument  may  contain  them. 
Guignard  distinguishes  five  types  of  localisation  : — 

(1)  The  cotyledonary  parenchyma  and  the  cortex 

of  the  axis  of  the  embryo. 

(2)  The  tissue  abutting  on  the  back  of  the  cotyle¬ 

donary  bundles,  or  the  pericycle  if  that  layer 
is  differentiated  ;  also  in  the  cortex  of  the 
axis. 

(3)  Both  regions  described  under  (1)  and  (2). 

(4)  Sometimes  they  are  absent  from  the  radicle 
and  the  cotyledons. 

(5)  The  integument  only. 

In  the  Limnantheae  these  cells  can  be  detected  in  the 
parenchyma  of  the  cotyledons  when  the  seed  is  very 
young,  and  before  any  reserve  materials  are  stored 
in  any  of  the  cells.  Later,  on  germination,  they  can 
be  recognised  in  the  lower  epidermis  when  the  cotyle¬ 
dons  become  green.  The  other  orders  show  a 
similar  distribution. 

Guignard  also  ascertained  the  distribution  of  emulsin, 

the  ferment  of  the  almond  and  laurel.  In  the  leaves  and 

young  branches  of  the  latter  plant  the  endodermis  of  the 
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bundles  are  its  chief  seat,  certain  cells  of  the  pericycle  also 
probably  containing  it.  In  the  almond  emulsin  is  localised 
chiefly  in  the  pericycle  of  the  cotyledonary  bundles. 

A  curious  distribution  of  a  similar  ferment,  rhamnase,  was 
ascertained  by  Marshall  Ward  (io).  It  occurs  in  the  seeds 
of  Rhamnus  infectorius,  and  is  confined  to  the  raphe  of  the 
seed.  In  this,  as  in  the  preceding  cases,  the  glucoside  and 
the  ferment  are  not  found  in  the  same  cells. 

In  reviewing  these  cases,  in  which  apparently  rudimen¬ 
tary  glandular  tissue  is  being  differentiated,  we  see  a  tendency 
to  aggregate  the  secreting  cells  together.  Indeed,  in  some 
of  the  cases  quoted,  the  tissue  is  produced  by  the  continued 
division  of  cells  originating  from  a  single  primitive  one,  as 
in  the  fruit  of  Capparidaceae  and  the  cortex  of  the  stem  of 
Tropaeolum.  A  more  fully  differentiated  structure  is  seen 
in  the  scutellum  of  certain  of  the  grasses,  and  the  absorbing 
haustorium  of  the  cotyledon  of  the  palms,  which  remains 
embedded  in  the  endosperm  while  germination  is  proceed¬ 
ing.  The  scutellum  of  the  grasses  is  covered  by  a  delicate 
epithelium  (4),  one  cell  thick,  which  is  specially  adapted  for 
secretion,  and  which  puts  out  two  enzymes  into  the  endo¬ 
sperm  to  work  upon  the  cell  walls  and  the  starch  grains 
respectively.  The  histological  changes  which  these  cells 
show  as  germination  progresses,  and  their  activity  varies, 
strikingly  recall  the  behaviour  of  the  animal  gland  cell.  The 
epithelium  of  the  Palm  haustorium  has  not  been  proved  to 
excrete  enzymes,  but  its  appearance  during  germination  is 
very  similar  to  that  of  the  scutellum,  and  its  growth  is 
attended  by  a  corrosion  or  eating  away  of  the  tissue  of  the 
endosperm  which  is  very  much  like  that  observed  more  easily 
in  the  grasses. 

Finally  we  have  the  well-differentiated  secreting  glands 
(3)  of  Dionsea  (18)  and  Drosera,  where  we  find  tissue 
specially  set  apart  for  the  production  of  peptic  enzymes, 
intended  to  work  upon  substances  exterior  altogether  to  the 
plant’s  body. 

These  recall  the  animal  enzymes  not  only  in  the  mode  of 
their  secretion  and  the  position  of  the  materials  they  digest, 
but  also  in  the  fact  that  the  enzyme  is  accompanied  by  an 
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acid  in  the  secretion,  and  that  both  acid  and  enzyme  appear 
to  be  necessary  for  the  process  of  digestion.  Nepenthes 
has  hitherto  been  held  to  show  glands  belonging  to  this 
group,  but  recent  experiments  seem  to  bring  their  behaviour 
into  the  region  of  controversy. 
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RECENT  ADDITIONS  TO  OUR  KNOWLEDGE 
OF  THE  ANCIENT  SEDIMENTS. 


SINCE  the  publication  of  the  map  and  writings  of 
William  Smith  there  have  been  two  particularly  im¬ 
portant  events  in  the  progress  of  our  study  of  the  older 
sediments,  the  first  being  the  elucidation  of  the  structure 
of  North  Wales  and  the  Welsh  borderland  by  Murchison 
and  Sedgwick,  and  the  second  the  publication  of  Lapworth  s 

memoir  on  the  Moffat  series  (i).1 

Lapworth’s  paper  marked  the  commencement  of  a  new 
era  in  the  study  of  our  ancient  sediments,  and,  as  it  exer¬ 
cised  a  profound  influence  upon  the  work  which  has  been 
achieved  in  recent  times,  it  will  be  convenient  to  take  it  as 
our  starting-point,  when  attempting  a  sketch  of  the  progress 
of  our  knowledge  of  the  older  rocks  during  the  last  few 
years.  This  progress  has  been  made  in  two  ways  :  firstly, 
by  furnishing  us  with  more  accurate  information  of  the 
methods  of  stratigraphical  geology,  and,  secondly,  by  ena¬ 
bling  us  to  apply  our  knowledge  of  the  strata  to  the  elucidation 
of  geological  problems  with  greater  success.  In  giving  a 
brief  outline  of  recent  advance,  I  propose  to  dwell,  in  the 
first  instance,  upon  the  methods  of  stratigraphical  geology, 
and  afterwards  upon  the  application  of  knowledge  thus 
acquired. 

METHODS  OF  STRATIGRAPHICAL  GEOLOGY. 

The  recent  work  which  has  borne  most  fruit  is  due  to 
a  more  detailed  application  of  Smith’s  principle  of  strata 
being  identifiable  by  their  organised  fossils — a  principle 
which,  until  the  publication  of  Lapworth’s  work  on  the 
Moffat  series,  had  been  viewed  somewhat  askance,  owing 
in  great  part  to  the  publication  of  the  theoretical  views  of 
Whewell,  Huxley  and  Spencer,  which  were  readily  adopted 

1  The  numbers  refer  to  the  list  of  papers  appended  to  this  article. 
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by  those  who  made  no  detailed  examination  of  the  fossil- 
iferous  strata  of  the  earth’s  crust.  The  result  of  the  adop¬ 
tion  of  these  views  was  that  the  study  of  stratigraphical 
geology  remained  for  some  time  in  abeyance,  a  circum¬ 
stance  by  no  means  to  be  regretted,  if,  as  is  likely,  it  was 
the  direct  cause  of  the  diversion  of  geologists’  attention  to 
the  constitution  of  rocks,  which  has  resulted  in  the  magni¬ 
ficent  advances  in  petrographical  science  during  the  last 
two  decades. 

We  may  at  once  proceed  to  treat  of  various  ancient 
rock-systems,  beginning  with  the  lowest,  in  order  to  see 
what  advance  has  been  made  in  our  knowledge  of  them 
during  the  last  few  years. 


1.  PRECAMBRIAN  ROCKS. 

Although  the  existence  of  Precambrian  rocks  in  Britain 
was  long  ago  satisfactorily  demonstrated,  it  was  not  until 
the  establishment  of  the  Olenellus  zone  as  marking  a  defi¬ 
nite  horizon  that  our  knowledge  of  these  rocks  in  Britain 
was  placed  on  a  satisfactory  standing,  and  even  now 
acquaintance  with  these  rocks  can  only  be  said  to  have 
commenced,  and  a  classification  of  the  Precambrian  rocks 
of  Britain,  and  indeed  of  other  parts  of  the  world,  is  at 
present  premature,  for  we  cannot  say  how  much  of  the 
material  which  enters  into  their  composition  was  originally 
igneous,  and  therefore  newer  than  rock  which  now  lies 
above  it ;  chronological  classification  of  these  rocks,  accord¬ 
ingly,  though  it  has  been  frequently  attempted,  is  of  little 
value.  One  thing  has  now  been  clearly  established,  namely, 
the  existence  of  sedimentary  rocks  in  Britain  and  elsewhere 
underlying  the  Olenellus  beds  of  Cambrian  age.  Thus,  in 
1890,  Sir  A.  Geikie  (2)  was  able  to  announce  the  Precam¬ 
brian  age  of  the  Torridon  sandstone  of  North-west  Scotland, 
and  in  the  next  year  he  told  the  Fellows  of  the  Geological 
Society,  in  his  presidential  address  (3),  that  the  officers  of 
the  Geological  Survey  of  Scotland  had  obtained  proofs  of 
the  existence  of  much  sedimentary  material  in  the  South- 
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west  Highlands  amongst  those  rocks  which  he  claimed  as 
largely  Precambrian,  and  to  which  he  gave  the  name  Dal- 
radian.  Similar  sediments  have  been  proved  of  Precam¬ 
brian  age  in  many  extra- British  areas,  our  knowledge  of 
them  in  America  being  fairly  extensive,  owing  to  the  recent 
work  of  Van  Hise,  Lawson,  Irving,  Walcott  and  others. 
In  America,  as  in  Britain,  chronological  classification  cannot 
be  carried  very  far  at  present,  and  the  majority  of  American 
writers  are  satisfied  with  separating  undoubtedly  bedded 
Precambrian  rocks,  under  the  name  of  Algonkian,  from 
those  of  igneous  and  doubtful  origin,  for  which  they  retain 
the  name  Archaean.  An  admirable  summary  of  the  present 
knowledge  of  these  American  rocks  has  been  recently  given 
by  Van  Hise  (4).  Further  consideration  of  the  Precambrian 
rocks  may  be  deferred  until  we  consider,  in  the  latter  part 
of  this  article,  the  application  of  our  knowledge  of  strati- 
graphical  principles. 


2.  THE  CAMBRIAN  SYSTEM. 

The  establishment  of  the  position  of  the  Olenellus  zone 
by  Nathorst  (5),  Brogger  (6) and  others  has  given  us  a  satisfac¬ 
tory  base  to  the  strata  appertaining  to  the  Cambrian  system, 
and  the  sequence  of  Cambrian  faunas  is  now  firmly  estab¬ 
lished.  It  is  generally  admitted  that  the  Olenellus ,  Para- 
doxides  and  Olenus  faunas  succeed  each  other  in  definite 
sequence,  and  the  only  want  of  accordance  amongst  geolo¬ 
gists  concerning  the  rocks  of  this  system  is  on  a  matter 
of  classification,  the  foreign  geologists  placing  the  beds 
with  the  Tremadoc  fauna  in  the  succeeding  system,  whilst 
British  geologists  relegate  them  to  the  Cambrian.  As  the 
fauna  constitutes  a  true  passage  between  those  of  the  Cam¬ 
brian  and  Ordovician  systems,  the  question  is  one  of  small 
importance.  Undoubtedly,  the  greatest  advance  in  our 
knowledge  of  the  rocks  of  the  Cambrian  system  of  recent 
years  is  due  to  the  detection  of  the  Olenellus  beds  in  widely 
remote  regions.  The  splendid  monograph  upon  these  beds 
by  Walcott  (7)  contains  a  bibliography  up  to  the  year  1890. 
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In  that  monograph  we  find  a  record  of  the  beds  as  occur¬ 
ring  in  Britain,  Scandinavia,  Russia  and  various  parts  of 
North  America.  Since  its  publication  other  areas  have  been 
shown  to  contain  a  development  of  the  rocks  possessing 
this  fauna.  Their  existence  in  Britain  had  been  previously 
shown  by  Lapworth  (8),  who  has  since,  however,  described 
the  included  fossils  in  greater  detail  (9).  Another  British 
area  where  Olenellus  beds  occur  is  in  the  Scottish  Highlands. 

o 

Olenellus  has  been  detected  in  Ross-shire  by  Messrs.  Peach 
and  Horne  (10).  Abroad  we  have  now  a  detailed  account  of 
the  beds  of  this  age  by  Bornemann  in  Sardinia  (n),  and 
fossils  which  appear  to  appertain  to  the  Olenellus  zone  have 
been  described  by  Dames  in  China  (12)  and  Foord  in 
Australia  (13),  whilst  Waagen  records  the  discovery  of  Olen¬ 
ellus  by  Middlemiss  in  India  (14).  Hicks  also  claims  that 
the  Caerfai  beds  of  South  Wales  should  be  referred  to  the 
Olenellus  zone  (15). 

Of  the  higher  Cambrian  beds  little  need  be  said.  Our 
knowledge  of  their  local  development  in  various  areas  and 
of  their  included  faunas  has  steadily  increased.  In  our 
own  country  two  important  discoveries  have  been  recently 
made,  viz. ,  the  detection  of  Conocoryphe  in  the  green  slates 
of  Bethesda  by  Dobbie  (16),  and  the  discovery  of 
Paradoxides  above  the  Olenellus  beds  of  Shropshire  by 
Groom  (9).  In  foreign  countries  much  progress  has  been 
made  in  the  detailed  working  of  the  Cambrian  rocks,  with 
the  result  that  they  can  now  be  largely  grouped  into  defi¬ 
nite  zones  characterised  by  special  forms  of  life.  Amongst 
the  valuable  work  which  has  been  done  may  be  mentioned 
that  of  Brogger  in  Norway  (17),  Tullberg  in  Sweden  (18), 
and  that  which  Matthew  has  published  during  many  years 
on  the  fauna  of  the  St.  John  group  in  the  Transactions  of 
the  Royal  Society  of  Canada. 


3.  THE  ORDOVICIAN  AND  SILURIAN  SYSTEMS. 

As  the  character  of  the  work  which  has  been  recently 
done  amongst  the  rocks  of  these  two  systems  is  essentially 
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similar,  it  may  be  considered  under  the  same  head.  It  was 
whilst  working  at  these  beds  that  Lapworth  gave  the  clue 
to  the  geology  of  the  Scotch  Southern  Uplands  (i)  and 
established  that  zonal  method  of  work  amongst  the  older 
rocks  which  has  led  to  such  excellent  results.  The  use  of 
graptolites  as  indices  of  geological  horizons  has  since  been 
fully  justified,  and  the  consequence  is  that  our  knowledge 
of  the  minute  subdivisions  of  the  lower  Palaeozoic  strata  is 
now  far  in  advance  of  that  of  many  rocks  which  are  much 
higher  in  the  geological  column.  Lapworth  himself  ex¬ 
tended  his  observations  on  the  classificatory  value  of  the 
graptolites  to  areas  remote  from  his  typical  Moffat  district 
(19),  and  similar  investigations  have  since  been  made  in 
other  areas  by  a  number  of  other  observers,  amongst 
whom  Tullberg  stands  prominent  (18).  As  Lapworth 
remarks,  “  in  the  face  of  these  results  the  host  of 
proofs  formerly  supposed  to  be  afforded  by  the  abnor¬ 
malities  of  the  vertical  distribution  of  the  graptolithina 
in  favour  of  the  doctrines  of  migration  and  colonies 
vanish  into  thin  air,”  a  statement  which  was  by  no 
means  generally  accepted  at  the  time  it  was  written 
(in  1879)  ;  but  so  rapid  has  been  the  increase  of  our 
knowledge  since  then  that  the  same  writer  was  enabled 
to  observe  in  1889  that  the  zonal  method  has  “  quietly 
entered  upon  what  may  be  regarded  as  the  accepted  or 
orthodox  stage  ”. 

Before  leaving  the  Silurian  rocks,  reference  must  be 
made  to  our  present  knowledge  of  the  line  of  demarcation 
between  the  rocks  of  the  Silurian  and  Devonian  systems. 
Unfortunately,  in  Devonshire,  where  the  normal  marine 
sediments  of  Devonian  age  are  developed,  there  is  no  pas¬ 
sage  downwards  into  the  lower  Palaeozoic  strata,  whilst  in  the 
Welsh  borderland,  where  a  passage  occurs,  the  Devonian 
beds  are  of  the  sparsely  fossiliferous  old  red  sandstone  type. 
In  other  areas,  the  transitional  beds  are  better  represented 
and  it  is  possible  to  draw  a  satisfactory  line  at  the  top  of  the 
Silurian  system.  The  occurrence  of  Eurypterus  Fischeri 
at  the  summit  of  the  Silurian  system  in  Norway,  Gothland, 
Russia  and  North  America  has  been  commented  on  by 
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Schmidt  (20),  and  he  places  the  Lesmahago  beds  of  Southern 
Scotland  in  this  position. 


4.  THE  DEVONIAN  SYSTEM. 

The  zonal  method,  applied  with  so  much  success  to  the 
lower  Palaeozoic  rocks  has  also  been  utilised  for  the  elucida¬ 
tion  of  the  smaller  subdivisions  of  the  strata  of  this  system, 
and  our  knowledge  of  the  classification  of  the  Devonian 
rocks  has  recently  advanced  considerably  both  at  home  and 
abroad.  The  grouping  of  the  strata  in  Belgium  and  Ger¬ 
many  has  long  been  established,  but  until  the  last  few  years 
many  opinions  prevailed  as  to  the  order  of  succession  of  the 
rocks  of  Devonshire.  In  1889,  Kayser,  the  leading  autho¬ 
rity  upon  Devonian  rocks,  described  the  results  of  a  visit  to 
Devonshire  in  a  paper,  “  Ueber  das  Devon  in  Devonshire 
und  im  Boulonnais  ”  (21),  and  since  then  Ussher  has  made 
a  more  detailed  comparison  of  some  of  the  Devonian 
rocks  of  South  Devon  with  those  of  the  European  con¬ 
tinent  (22),  thus  practically  commencing  for  Britain  a 
task  which  will  be  completed  when  a  thorough  re-mapping 
of  North  and  South  Devon  and  Cornwall  has  been  exe¬ 
cuted,  in  accordance  wTith  the  requirements  of  stratigraphical 
palaeontology. 

The  most  important  work  on  the  Devonian  rocks  of  the 
European  continent  is  the  proof  furnished  by  Kayser  that 
the  stages  F,  G  and  H  of  Bohemia,  referred  by  Barrande 
to  the  Silurian,  really  belong  to  the  Devonian  system  (23), 
thereby  removing  a  great  difficulty  in  the  correlation  of  the 
lower  Palaeozoic  rocks  of  Bohemia  with  those  of  other 
countries,  for  the  stage  E  can  be  shown  to  possess  the 
faunas  of  all  the  divisions  of  the  Silurian  system  from  lower 
Llandovery  to  upper  Ludlow.  Kayser  was  contented  to 
refer  the  stages  F,  G  and  H  to  the  lower  Devonian,  but 
Freeh  gives  reasons  for  considering  that  lower,  middle  and 
upper  Devonian  beds  have  their  representatives  amongst 
these  stages.  His  correlation  of  the  Bohemian  and  other 
Devonian  beds  with  those  of  the  type-deposits  will  be  found 


362 


SCIENCE  PROGRESS. 


in  a  paper  on  the  Devonian  of  the  Eastern  Alps  (24).  A 
valuable  account  of  the  Devonian  rocks  of  Spain  is  given 
by  Barrois  (25),  who  compares  them  with  their  equivalents 
in  other  areas.  The  adoption  in  America  of  the  line  of  de¬ 
marcation  between  Silurian  and  Devonian,  suggested  by 
Schmidt,  would  settle  the  vexed  question  of  the  age  of  the 
lower  Helderberg  group.  Its  lowest  subdivision,  the  Water- 
lime  group,  with  Eurypterus  Fischeri  would  thus  constitute 
the  top  of  the  Silurian  system,  whilst  its  four  upper  members 
would  be  lower  Devonian.  The  minute  classification  of 
these  American  beds  will  probably  be  a  work  of  some  diffi¬ 
culty,  owing  to  the  variations  in  their  character  in  different 
regions  (26).  When  it  is  made,  no  doubt  a  much  more  suc¬ 
cessful  comparison  can  be  instituted  between  the  European 
and  American  beds. 

The  recent  work  amongst  the  Devonian  rocks  shows 
that  in  their  case,  as  in  that  of  the  lower  Palaeozoic  rocks, 
not  only  are  palaeontological  characters  of  definite  sub¬ 
divisions  in  many  respects  identical  over  wide  areas,  but 
also  lithological  characters.  This  is  especially  well  seen  in 
the  case  of  the  upper  and  middle  Devonian  limestones. 


5.  CARBONIFEROUS  AND  PERMIAN  SYSTEMS. 

Although  the  rocks  of  these  systems  are  so  strongly 
separated  from  one  another  in  Britain,  it  is  well  known 
that  this  separation  is  only  local,  and  as  the  carboniferous 
insensibly  pass  into  those  of  the  Permian  system  else¬ 
where,  it  will  be  advantageous  to  treat  of  the  two  systems 
together. 

An  idea  seems  to  have  grown  up  in  the  minds  of  British 
geologists  that  the  marine  deposits  of  carboniferous  age  are 
not  separable  into  zones  comparable  with  the  graptolite 
zones  of  the  lower  Palaeozoic  rocks  and  the  ammonite  zones 
of  the  mesozoic  strata,  and  it  has  been  inferred  that  the 
carboniferous  rocks  accumulated  too  rapidly  to  allow  the 
differentiation  of  successive  faunas.  Modern  research 
points  to  the  conclusion  that  this  view  is  erroneous,  and,  as 
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it  is  a  question  of  considerable  importance,  some  attention 
may  be  paid  to  it.  An  examination  of  our  text-books  shows 
that  a  large  number  of  fossils  quoted  as  characteristic  moun¬ 
tain  limestone  forms  are  derived  from  the  lists  given  by 
Phillips  in  his  geology  of  Yorkshire  ;  these  fossils,  and 
many  of  the  so-called  carboniferous  limestone  fossils  pre¬ 
served  in  our  public  museums,  are  derived  from  the  lime¬ 
stones  south  of  the  Craven  Fault.  The  district  south  of 
that  fault  is  one  which  has  undergone  great  disturbance, 
and  limestones  of  very  different  ages  occur  in  it.  One 
of  these  is  recognised  by  the  geological  surveyors  as 
the  Pendleside  limestone,  and  from  it  a  great  number  of 
fossils  have  been  obtained.  It  has  yet  to  be  proved 
that  this  limestone  is  the  equivalent  of  part  of  the  car¬ 
boniferous  limestone  north  of  the  fault  and  not  of  one  or 
more  of  the  Yoredale  limestones.  If  it  can  be  shown,  and 
in  the  writer’s  opinion  it  will  be  shown,  that  the  Pendleside 
limestone  really  appertains  to  the  Yoredale,  a  large  number 
of  our  supposed  typical  mountain  limestone  fossils  will  be 
found  to  come  from  Yoredale  beds,  and  not  from  the  car¬ 
boniferous  limestone  at  all!  Under  such  circumstances 
little  astonishment  need  be  felt  at  the  view  that  our  carboni¬ 
ferous  strata  cannot  be  divided  into  zones.  As  a  matter  of 
fact  De  Koninck  and  Lohest  some  time  ago  proved  that 
three  subdivisions  existed  in  the  carboniferous  limestone 
itself  in  the  North  of  England,  a  lower  one  containing 
certain  corals  and  fish,  a  middle  one  with  Chonetes  papilio- 
nocea ,  and  an  upper  with  Productus  giganteus  (27).  Gar¬ 
wood  is  now  working  these  and  the  Yoredale  beds  in  still 
further  detail,  and  when  his  work  is  complete,  and  when 
Tiddeman  has  finished  the  maps  and  memoirs  of  the  richly 
fossiliferous  country  south  of  the  Craven  Fault,  we  may 
expect  to  find  our  carboniferous  deposits  divisible  into 
zones  in  a  manner  comparable  with  that  which  holds  good 
among  other  and  (strange  as  it  seems  to  use  the  expression) 
better-known  strata. 

The  probability  of  subdividing  the  carboniferous  rocks 
into  zones  is  maintained  by  Waagen  (14),  who  points  out 
that  the  carboniferous  fossils  have  not  received  the  careful 
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attention  which  has  been  bestowed  on  many  of  those  of 
Palaeozoic  age.  In  the  memoir,  in  which  these  views  of 
Waagen  are  advanced,  much  important  information  is  given 
concerning  deposits  which  are  represented  in  many  parts  of 
Europe  by  anomalous  strata,  so  that  the  development  of 
typical  marine  strata  of  that  age  is  one  which  is  compara¬ 
tively  little  heeded  by  British  geologists.  According  to 
Waagen  the  Gannister  series,  the  Pennant  series  and  the 
Ardwick  series,  or  lower,  middle  and  upper  coal  measures, 
are  absent  in  the  Salt  Range,  but  a  group  is  developed  there 
which  is  newer  than  the  coal  measures,  which  he  speaks  of 
as  Permo-carboniferous.  The  basal  or  Talchir  stage  of 
this  group  contains  the  well-known  boulder-beds,  the  middle 
or  Karharbari  stage  comprises  the  middle  speckled  sand¬ 
stones,  and  the  upper  or  Artinsk  stage,  the  lower  Productus 
limestone  and  the  lower  division  of  the  middle  Productus 
limestone.  The  overlying  beds  are  referred  to  the  Permian 
proper.  A  perusal  of  Waagen’s  memoir  will  remove  diffi¬ 
culties  which  have  attached  to  some  of  the  American 
Permo-carboniferous  deposits  and  similar  deposits  in  Spitz- 
bergen,  and  to  the  beds  containing  the  celebrated  Glossop- 
teris  flora.  Much  new  information  concerning  the  carboni¬ 
ferous  beds  is  also  given  by  Barrois  in  his  geology  of 
Asturias  and  Galicia. 

As  our  knowledge  of  normal  marine  Permian  deposits 
is  still  behind  that  of  similar  deposits  of  most  other  ages, 
the  description  of  the  Permian  marine  deposits  of  the  Salt 
Range  by  Waagen  (14)  is  a  matter  for  congratulation.  He 
correlates  the  middle  division  of  the  lower  Productus  lime¬ 
stone  with  the  European  Rothliegendes  and  its  upper  divi¬ 
sion  with  the  Weissliegendes  and  Marl  slate,  the  upper 
Productus  limestone  having  unfossiliferous  sandstones  at  its 
top,  with  the  Zechstein  and  Gypsum  stage,  and  passage 
beds  into  the  Trias.  Above  the  unfossiliferous  sandstones 
are  beds  with  Ceratite  limestones  at  the  base  marking  the 
advent  of  the  Triassic  period. 

The  above  brief  outline  of  recent  work  amongst  the 
Palaeozoic  rocks  is  designed  to  show  the  advance  made  of 
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recent  years  in  the  correlation  of  deposits  of  various  areas, — 
a  task  which  is  still  viewed  with  some  suspicion  by  certain 
geologists  of  the  old  school  ;  it  is  for  all  that  a  very  necessary 
task,  for,  unless  it  is  done,  our  science  will  remain  in  an  im¬ 
perfect  stage  of  advancement,  for  how  are  we  to  write  the 
history  of  the  earth,  unless  we  can  refer  the  various  events 
which  occurred  to  their  proper  periods  ?  The  methods  of 
work  have  been  commented  upon  in  the  foregoing  pages,  but 
the  work  itself  has  only  begun,  and  a  wide  field  for  fresh 
research  in  this  direction  lies  open  to  the  stratigraphical 
student. 


RECENT  APPLICATIONS  OF  STRATIGRAPHICAL 

KNOWLEDGE. 


Already  a  rich  harvest  has  been  reaped  as  a  consequence 
of  the  zonal  method  of  stratigraphical  work.  Every  branch  of 
geological  science,  physical  and  biological,  has  profited,  but 
it  must  suffice  here  to  take  a  few  examples  of  the  benefits 
which  have  accrued  to  different  branches,  and  we  will  con¬ 
sider  the  effects  of  recent  stratigraphical  work  upon  our 
knowledge  of  deposition  of  sediment,  earth-movement,  rock- 
metamorphism,  and  organic  evolution. 

The  detailed  work  of  Lapworth,  in  the  Moffat  area,  was 
followed  by  an  examination  of  the  equivalent  rocks  in  Ayr¬ 
shire  (28),  and  accordingly  a  complete  comparison  could  be 
made  between  the  thin  graptolite-bearing  deposits  of  Dum¬ 
friesshire  and  the  much  thicker  deposits  crowded  with 
remains  of  various  organisms,  which  are  developed  around 
Girvan.  The  remarkable  changes  in  the  lithological  and 
palaeontological  characters  of  the  rocks  within  this  short  dis¬ 
tance  throw  much  light  upon  the  condition  of  deposit  during 
lower  Palaeozoic  times,  and  as  the  result  of  his  Moffat  and 
Girvan  work,  and  an  extension  of  it  into  adjoining  regions, 
Lapworth  gave  us  that  remarkable  paper  on  the  Ballantrae 
rocks  (29),  in  which  the  local  variations  in  the  characters  of 
the  deposits  are  traced  from  the  Pentland  Hills  to  Kirkcud¬ 
bright.  A  further  important  result  of  the  work  in  the 
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Southern  Uplands  was  the  detection  of  radiolarian  cherts  in 
the  Ordovician  strata  (30),  the  first  of  a  number  of  such  dis¬ 
coveries,  which  have  largely  changed  our  views  concerning 
the  conditions  of  deposit  of  the  strata  forming  continents, 
and  the  relative  positions  of  continents  and  oceans  in  past 
times. 

As  an  illustration  of  the  light  thrown  by  the  zonal 
method  upon  the  nature  of  past  earth-movements,  it  is 
hardly  necessary  to  do  more  than  refer  to  the  elucidation  of 
the  structure  of  the  North-west  Highlands  of  Scotland  (31), 
and  the  detection  of  a  completely  new  type  of  geotectonic 
structure  (32).  Of  a  very  different  nature  was  the  move¬ 
ment  described  by  Brogger,  which  was  responsible  for  the 
depression  of  the  soft  rock  in  the  region  which  is  partially 
occupied  by  the  Christiania  Fjord  (33).  This  work  of 
Broggers  and  other  discoveries  by  the  same  author,  to  be 
mentioned  presently,  are  the  direct  outcome  of  his  detailed 
zonal  work  on  the  thin  lower  Palaeozoic  deposits  of  the 
Christiania  region  (17),  a  piece  of  work  which  is  a  good 
instance  of  the  light  thrown  by  modern  stratigraphical 
methods  upon  questions  of  denudation,  deposition,  earth- 
movement,  metamorphism,  petrographical  complexes,  and 
the  distribution  of  life. 

The  effects  of  pyrometamorphism  on  rocks  of  varying 
character  has  also  been  worked  out  in  regions  where  a 
detailed  subdivision  of  the  rocks  has  been  previously  made. 
Broggers  work  in  the  Christiania  region  is  an  example  of 
such  work  (17),  whilst  recently  Barrow  has  drawn  some 
remarkable  conclusions  from  the  study  of  a  carefully-mapped 
region  around  an  intrusion  of  muscovite-biotite  gneiss  (34). 
The  Bergen  district  has  furnished  Reusch  with  evidence  of 
the  effects  of  dynamic  metamorphism  on  fossiliferous  lower 
Palaeozoic  rocks  (35),  and  similar  evidence  as  to  the  effects 
of  dynamic  metamorphism  has  been  collected  by  Lap- 
worth  (36)  and  others  amongst  the  disturbed  rocks  of  the 
Scottish  Highlands. 

In  palaeontology  enough  has  been  recently  learned  to 
prove  the  importance  of  detailed  examination  of  the  fossil¬ 
iferous  strata,  and  the  value  of  observations  in  the  field  to 


RECENT  ADDITIONS  TO  ANCIENT  SEDIMENTS.  367 


the  working  palaeontologist.  We  are  probably  on  the 
threshold  of  great  discoveries  in  this  department  of  the 
science,  and  it  is  easy  to  see  the  methods  of  work  which 
will  be  pursued  in  the  immediate  future.  A  fuller  examina¬ 
tion  of  such  diverse  deposits  of  similar  age  as  those  of 
Moffat  and  Girvan  will  doubtless  throw  much  light  on  the 
influence  of  sediment  and  climatic  conditions  on  the  distri¬ 
bution,  migration,  variation  and  extinction  of  organisms. 
But  it  is  in  the  study  of  phylogenesis  that  we  may  expect 
the  most  important  results  :  a  suggestion  as  to  the 
methods  of  research  to  be  pursued  in  this  study  is  given  by 
Hermann  in  his  inaugural  dissertation  (37),  as  far  as  the 
graptolites  are  concerned.  We  now  possess  material  for 
the  formation  of  a  fairly  complete  phylogenetic  tree  for 
the  graptolites,  and  their  biographer  will  undoubtedly  be 
able  to  furnish  a  most  remarkable  instance  of  the  lines 
along  which  evolution  has  proceeded.  The  study  is  unfor¬ 
tunately  looked  on  with  suspicion  by  biologists,  on  account 
of  our  ignorance  of  the  soft  parts  of  these  creatures,  but 
as  a  compensation  for  this,  we  do  possess  a  true  key  of 
the  order  of  succession  of  the  forms,  obtained  by  actual 
observation  in  the  field,  and  not  by  speculative  groping  in 
the  study  and  laboratory.  The  material  for  the  study 
■of  the  phylogeny  of  the  trilobites  is  less  complete  than 
that  which  we  possess  in  the  case  of  the  graptolites, 
but  every  year  is  adding  to  our  knowledge  of  this  group, 
and  we  may  confidently  await  a  mass  of  information 
furnished  by  a  combined  study  in  the  field  and  under 
the  microscope  of  the  corals,  stromatoporoids  and  other 
organisms. 

The  above  are  only  a  few  familiar  examples  of  the 
kind  of  work  which  has  been  done  in  elucidating  geo¬ 
logical  problems,  work  which  depends  for  its  successful 
issue  upon  detailed  observations  of  the  order  of  suc¬ 
cession  of  the  strata.  Labours  of  a  similar  character 
have  been  carried  out  in  many  parts  of  the  world,  and  the 
result  is  a  very  marked  advance  in  all  branches  of  geology 
during  the  last  two  decades.  And  stratigraphical  geology, 
whilst  giving  valuable  assistance  to  the  other  departments 
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of  the  science,  has  freed  itself  from  a  stigma.  In  1883  the 
reviewer  of  a  text-book  remarked  that  in  the  eyes  of  the 
vast  majority  of  physical  geologists,  stratigraphical  geology 
“has  rather  the  appearance  of  an  oppressive  nightmare  of 
piles  of  indigestible  facts  and  meaningless  strings  of  names 
This  is  no  longer  the  case.  The  importance  of  stratigra¬ 
phy  is  becoming  more  clearly  recognised  daily,  and  surely 
it  is  a  good  omen  to  find  the  president  of  the  Geological 
Society  reviewing  the  stratigraphical  work  which  has  been 
published  by  the  society  of  late  years  in  his  presidential 
address.  By  the  time  this  article  appears  the  address  (38), 
which  was  devoted  to  a  consideration  of  the  work  of  the 
Fellows  of  the  Geological  Society  amongst  the  Palaeozoic 
rocks,  will  have  been  published,  and  readers  may  there  learn 
that  British  geologists  have  been  to  the  fore  in  studying  the 
earliest  sedimentary  rocks  of  which  we  have  certain  know¬ 
ledge.  The  earliest  of  which  we  have  certain  knowledge ! 
What  a  confession  of  ignorance  lies  in  those  words,  yet  what 
hopes  they  hold  out  for  geologists  of  the  future.  Beyond 
the  Olenellus  beds,  we  know  of  sediments  in  which  traces 
of  life  are  doubtful  ;  but  how  many  thousands  of  feet  of 
sediment  must  have  been  deposited,  of  which  we  appear  to 
know  nothing.  I  say  appear ,  for  in  many  areas  we  know  of 
great  thicknesses  of  fossiliferous  rock,  which  has  been 
dubbed  “Silurian”  or  “Cambrian,”  simply  because  they 
are  fossiliferous.  By  further  study  of  these  we  may  be  able 
to  carry  the  record  of  life  a  step  farther  back,  and  fix 
another  datum  from  which  we  may  conduct  our  observa¬ 
tions  among  the  sediments  of  a  still  more  remote  past. 

And  what  does  the  recent  stratigraphical  work  teach 
concerning  uniformitarianism  and  evolution  ?  Little  as  yet, 
but  something.  So  complex  are  the  conditions  which  de¬ 
termine  the  lithological  and  palaeontological  characters  of 
the  strata  of  the  geological  systems,  that  the  same  set  of 
conditions  never  recurs  on  a  large  scale,  and  every  system 
has  therefore  some  characteristic.  Coal  may  be  formed  in 
the  future,  but  there  will  be  nothing  quite  analogous  to  the 
state  of  things  which  prevailed  during  the  carboniferous 
system,  and  so  with  the  other  systems.  By  degrees  we 
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shall  learn  the  characteristic  notes  of  each  great  era,  and 
work  out  its  geography,  both  inorganic  and  organic.  Only 
in  this  way  shall  we  attain  slowly  to  that  knowledge  of  the 
geographies  of  all  past  eras,  which  is  geology. 
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IONIC  VELOCITIES. 

IF  a  current  of  electricity  be  passed  through  the  solution 
of  a  metallic  salt,  decomposition  generally  occurs,  and 
the  products  appear  at  the  electrodes  where  the  current 
enters  and  leaves  the  liquid.  Since  the  intervening  solu¬ 
tion  is  unaltered,  we  must  suppose  that  a  continual  passage 
of  the  parts  of  the  salt  in  opposite  directions  is  going  on, 
the  molecules  being  split  up  and  reformed  as  their  con¬ 
stituent  atoms  change  partners.  The  atoms  thus  travel 
through  the  solution,  and  are  hence  called  “ions” — kations 
or  anions  as  they  travel  with  or  against  the  current.  Thus 
in  a  solution  of  hydrochloric  acid  the  hydrogen  travels  with 
the  current  and  appears  at  the  kathode,  while  the  chlorine 
moves  in  the  opposite  direction  and  is  set  free  at  the  anode. 
An  account  of  the  investigations  which  have  been  made  on 
this  motion  of  the  ions,  and  on  the  velocities  with  which 
they  travel,  is  the  subject  of  this  article. 

We  must  first  consider  whether  it  is  possible  to  calculate 
these  velocities  from  the  electrical  properties  of  solutions. 
Faraday  discovered  that  the  passage  of  a  definite  quantity  of 
electricity  liberated  a  mass  of  a  certain  element  which  was 
proportional  to  the  chemical  combining  weight  of  that  element 
— not  to  its  atomic  weight,  but  to  its  atomic  weight  divided  by 
its  valency.  Thus  the  passage  of  one  unit  (on  the  centimetre- 
gram-second  system)  of  electricity  liberated  0*0001035  gram 
of  hydrogen,  and  0*0001035  x  35*4  gram  of  chlorine  from  a 

solution  of  hydrochloric  acid  or  0*0001035  x  108  gram  of 
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silver  from  a  solution  of  silver  nitrate.  When  it  is  re¬ 
membered  that  the  mass  of  the  atom  of  hydrogen  is  to  that 
of  silver  as  i  :  108,  it  is  evident  that  the  same  quantity  of 
electricity  always  passes  when  one  univalent  atom  is  set  free. 
In  the  case  of  divalent  atoms  like  oxygen,  we  find  that  one 

unit  of  electricity  liberates  0-0001035  x  Atomlc^ Weight 

grams,  hence  the  quantity  of  electricity  which  is  needed 
to  liberate  one  divalent  atom  is  twice  as  great  as  that  re¬ 
quired  to  set  free  one  univalent  atom.  This  definite  relation 
between  the  quantity  of  electricity  passing  through  the 
solution,  and  the  number  of  atoms  liberated,  is  easily  repre¬ 
sented  by  supposing  that  each  univalent  atom,  while  it  is 
travelling  through  the  solution  as  an  ion,  carries  a  definite 
charge  of  electricity — of  positive  electricity  if  it  is  a  kation, 
of  negative  electricity  if  an  anion — which  it  gives  up  to  the 
electrode  when  it  is  reached,  while  each  divalent  ion  carries 
twice  as  much,  and  so  on.  The  passage  of  a  current 
through  a  solution  can  therefore  be  looked  upon  as  a  kind 
of  convection.  A  constant  stream  of  kations  carries  positive 
electricity  in  one  direction,  and  a  corresponding  stream  of 
anions  carries  negative  in  the  other. 

Suppose  we  have  N  gram-equivalents  of  salt,  and  conse¬ 
quently  N  gram-equivalents  of  both  anion  and  kation,  in  each 
cubic  centimetre  of  the  solution.  If  the  velocity  of  the  anion 
be  v  and  that  of  the  kation  u,  the  numbers  of  them  passing 
in  one  second  across  each  square  centimetre  of  area  in  a 
plane  at  right  angles  to  the  direction  of  their  motion  are 
Nv  and  N u  respectively,  so  that  the  quantity  of  salt  de¬ 
composed  per  second  is  N  (u  +  v)  or  NV  gram-equivalents 
where  V  is  the  relative  velocity  of  the  ions  past  each  other. 
Now  by  Faraday’s  law  we  know  the  quantity  of  electricity 
which  passes  when  one  gram-equivalent  of  salt  is  decom¬ 
posed  •  it  is  - 1 -  units.  The  quantity  of  electricity 

1  0*0001035 

which  passes  in  one  second  through  unit  area  of  cross 
section  of  the  solution  at  right  angles  to  the  flow  is  there¬ 
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But  this  gives  the  strength  of  the 
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current  through  this  same  area,  and  if  we  take  Ohm’s  law 
we  can  find  another  measure  for  it,  viz .,  the  electromotive 
force  between  the  sides  of  a  centimetre  cube  divided  by  its 
electrical  resistance.  If  we  call  these  E  and  r  respectively, 
we  get — 

E  =  _  NV 
r  o ’000103  5 


V  =  0*0001035  x 


E 

Nr' 


Now  since  the  length  of  the  side  of  our  little  cube  is  i 
centimetre,  E  represents  the  fall  of  potential  (i.e.,  the  elec¬ 
tromotive  force)  per  unit  length.  If  we  put  E  =  i  we  shall 
get  a  value  for  V  corresponding  to  what  we  may  call  unit 
potential  gradient — 


o ’0001 03  5 

"  NE 


r,  the  resistance  of  our  little  cube  is  the  specific  resistance 
of  the  solution,  and  can  be  measured  by  a  modification  of 
the  ordinary  Wheatstone’s  bridge  method.  We  can,  there¬ 
fore,  at  once  deduce  the  value  of  Vl5  the  velocity  with 
which  the  ions  are  sheaved  past  each  other  by  a  potential 
gradient  equal  to  unity.  Thus  in  the  case  of  a  solution  of 
hydrochloric  acid  whose  strength  is  one-tenth  of  a  gram-equiv¬ 
alent  (3*64  grams)  per  litre  (i.e.,  a  decinormal  solution),  the 
specific  resistance  was  found  by  Kohlrausch  to  be  2*90  x  io10 
in  C.G.S.  units.  N  the  number  of  gram-equivalents  per  cubic 
centimetre  is  io~4,  hence — 


0*00010352 
io-4  x  2*90  x  io10 


=  3*57  x  10  11 


centimetres  per  second. 

This  is  calculated  for  unit  potential  gradient  on  the 
C.G.S.  system.  For  a  gradient  of  one  volt  per  centimetre 
we  get  V  =  3*57  x  io-3  or  '0035 7  centimetres  per  second. 

In  order  to  find  the  absolute  velocity  of  either  hydrogen 
or  chlorine,  we  must  consider  whether  the  opposite  ions 
travel  with  equal  velocity.  If  that  were  so  the  absolute 
velocity  of  each  would  obviously  be  half  their  relative 
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velocity  past  each  other.  Consider  what  will  occur  if  they 
move  with  unequal  speeds.  Suppose  that  the  anions  move 
faster  than  the  kations.  In  that  portion  of  the  solution 
which  surrounds  the  anode,  ions  will  arrive  faster  than  in 
the  portion  surrounding  the  kathode,  while  those  leaving  it 
leave  more  slowly.  Hence  the  strength  of  the  solution 
near  the  anode  will  become  greater  than  that  of  the  solu¬ 
tion  near  the  kathode.  In  the  case  of  an  electrolytic  cell 
with  platinum  electrodes,  in  which  the  quantity  of  salt  in 
solution  continually  diminishes,  this  implies  that  more  of 
the  salt  decomposed  will  come  from  the  neighbourhood  of 
the  kathode  than  from  the  neighbourhood  of  the  anode, 
and  that  the  quantities  of  salt  taken  from  the  solutions  near 
the  anode  and  kathode,  respectively,  are  in  the  ratio  of  the 
velocity  of  the  kation  to  the  velocity  of  the  anion. 

In  nearly  every  case  phenomena  of  this  kind  are  actually 
found  to  occur.  Thus,  if  an  electrolytic  cell,  with  platinum 
electrodes,  containing  a  solution  of  hydrochloric  acid,  is 
divided  into  three  portions  by  partitions  of  porous  earthen¬ 
ware,  when  the  current  is  passed  no  change  occurs  in  the 
central  division,  but  the  strength  of  solution  in  the  divisions 
containing  the  electrodes  becomes  less — the  anode  division 
losing  its  contents  much  faster  than  the  kathode  division. 
From  this  observation  Hittorf  concluded  by  the  reasoning 
given  above  that  the  hydrogen  travelled  faster  than  the 
chlorine.  He  described  the  phenomenon  as  the  “Migra¬ 
tions  of  the  ions  ”.  Let  us,  for  example,  take  the  case  of  a 
solution  whose  strength  is  one-tenth  of  a  gram-equivalent 
of  hydrochloric  acid  (3*64  grams)  per  litre.  We  should  find 
that  when  such  a  solution  is  electrolysed,  out  of  each  gram 
of  HC1  decomposed,  *21  gram  was  taken  from  the  anode 
solution,  and  79  gram  from  the  kathode  solution.  The 
ratio  of  the  velocities  of  the  hydrogen  and  chlorine  ions 
must  therefore  be  as  79  :  21. 

Now  the  relative  velocity  of  the  ions  past  each  other 
is  the  sum  of  the  opposite  absolute  velocities.  We  have, 
therefore,  only  to  divide  the  relative  velocity,  ’00357  centi¬ 
metres  per  second,  into  two  parts,  in  the  ratio  79  :  21,  in 
order  to  find  that  in  a  decinormal  solution  of  hydrochloric 
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acid,  when  the  potential  gradient  is  one  volt  per  centi¬ 
metre,  the  hydrogen  ion  travels  with  a  velocity  of  *00282 
centimetres  per  second,  and  the  chlorine  ion  with  a  velocity 
of  *00075  centimetres  per  second.  F.  Kohlrausch  ( Wiede¬ 
manns  Annalen ,  vols.  vi.,  xxvi.  and  1.)  has  made  a  long 
series  of  determinations  of  the  conductivity  ( i.e .,  the  re¬ 
ciprocal  of  the  specific  resistance)  of  solutions,  and  used  the 
numbers  obtained  to  calculate  the  ionic  velocities.  He  ex¬ 
presses  his  results  in  terms  of  “molecular  conductivity” — 
z.£.,  conductivity  (k)  divided  by  strength  of  solution  in  gram- 

equivalents  per  litre  (m).  This  corresponds  to  - — — 

1 000  Nr 

in  our  equation  (i.)  (since  N  is  the  concentration  referred 
to  cubic  centimetres),  so  that  we  get 


V  =  u  +  v  = 


0*0001035 


k 

0-1035  X 


m 


He  finds  that  as  the  solutions  become  more  dilute,  the 
molecular  conductivities,  and,  therefore,  the  velocities  of 
the  ions,  in  general  increase,  but  that  in  most  cases  they 
come  to  a  limit  which  enables  him  to  determine  either  by 
exterpolating  in  a  formula,  or  by  drawing  a  curve,  the  value 
of  the  velocity  corresponding  to  infinite  dilution.  Thus  the 
most  recent  values  for  sodium  and  lithium  chlorides  ( Wied. 
Ann.,  1893,  1-  7>  4°3)  are  the  following,  where  u  is  the 
velocity  of  the  kation,  and  v  that  of  the  anion,  each  in  io— 6 
centimetres  per  second,  while  m  is  the  concentration  in  gram- 
equivalents  per  litre  : — 


m 

NaCJ 

Li  Cl 

U  +  V 

u 

V 

u  +  V 

u 

V 

5 

438 

I5  3 

285 

334 

80 

254 

1 

765 

278 

487 

65i 

169 

482 

O'l 

95  2 

360 

592 

853 

259 

594 

0*01 

io59 

415 

644 

962 

31s 

644 

O’OOI 

1 1 10 

440 

670 

1013 

343 

670 

O'OOOI 

1129 

448 

681 

io37 

356 

681 

0 

1 140 

45° 

690 

1050 

360 

690 
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The  numbers  obtained  for  the  same  ion  in  various  salts 
are  found  to  differ  while  the  solutions  are  strong,  but  to 
approach  as  dilution  goes  on,  and  finally  to  become  identical 
when  the  limit  is  reached.  This  is  clearly  shown  by  the 
preceding  table  in  the  case  of  chlorine,  the  values  for  which 
in  sodium  and  lithium  chlorides  are  given  in  the  columns 
under  the  heading  v.  Kohlrausch  was  thus  enabled  to 
assign  to  each  ion  a  specific  ionic  velocity,  which,  when  the 
dilution  is  infinite,  is  independent  of  the  nature  of  the  other 
ion  or  ions  present.  The  following  are  some  of  his  latest 
values  : — 


K=  66  x  io~5  cms.  per  sec.  C/=  69  x  10  5  cms.  per  sec. 

N  a=  45  „  „  1=  69 

Li=  36  ,,  ,,  N03=  64 

NhL=  66  „  „  OH  =  182 


V 


y  y 


y  y 


y  y 


H  =  320 


yy 


y  y 


CHA=  36 


y  y 


y  y 


y  y 


y  y 


y  y 


y  y 


4r=  57  »  >>  C3H502=  33 

These  numbers  are  calculated  for  a  potential  gradient  of  one 
volt  per  centimetre  and  a  temperature  of  i8°C. 

It  is  interesting  to  observe  the  magnitude  of  the  forces  re¬ 
quired  to  drive  the  ions  with  a  certain  velocity.  If  we  have  a 
potential  gradient  of  one  volt  per  centimetre,  the  electric 
force  is  io8  in  C.G.S.  units.  The  charge  of  electricity  on  one 
gram-equivalent  of  any  ion  is  i/'oooio35  =  965 3  units, 
hence  the  mechanical  force  acting  on  this  mass  is  9653  x  iob 
dynes.  This  produces  (suppose)  a  velocity  u,  then  the 

q’6  cr  ">  x  1  o11 

force  required  to  produce  unit  velocity  is  PA  =  - — — - 

dynes  =  9  84  x  10  pj|0gram  weights.  If  the  ion  have  an 

equivalent  weight  A,  the  force  producing  unit  velocity  when 
acting  on  one  gram  is  P1  =  9*84  x  io’  x  -^—kilogram  weights. 

rVU 

In  the  case  of  potassium  this  gives  to  the  force  acting  on 
one  gram  in  very  dilute  solution  a  value  equal  to  the  weight 
of  38,000,000  kilograms.  Since  the  velocity  is  uniform  it 
follows  that  the  frictional  forces  are  equal  and  opposite  to 
this,  and  collecting  all  such  opposing  forces  under  the  name 
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of  “  electrical  friction,”  Kohlrausch  gives  a  table  of  coeffi¬ 
cients  at  a  temperature  of  i8°  C.,  from  which  the  following 
numbers  are  taken  : — 


Pa 

R 

Pa 

Pi 

K 

150  X  IO7 

3*8  x  io7 

Cl 

140  X  IO7 

4’o  x  io7 

N  a 

220 

9'5 

I 

140 

i*i 

L 1 

270 

39‘° 

N03 

T5° 

2*5 

nh4 

*5° 

8'3 

OH 

54 

3*2 

H 

31 

3  i'o 

c2h3o2 

270 

4’6 

170 

i*6 

c3h5o2 

3°° 

4’1 

From  a  list  of  ionic  velocities,  such  as  that  given  on  the 
opposite  page,  the  conductivity  of  any  salt  solution  can  be 
calculated  by  taking  the  sum  of  the  opposite  velocities  of 
its  ions,  and  the  result  compared  with  observation. 

This  comparison  would  be  difficult  at  very  great  dilution, 
so  Kohlrausch  took  solutions  of  one-tenth  of  a  gram-equiv¬ 
alent  per  litre,  when  in  general  the  velocities  are  approaching 
their  limiting  value.  He  gives  a  table  of  twenty-five  elec¬ 
trolytes,  the  numbers  for  which  all  agree  well  with  observa¬ 
tion  [Wzed.  Ann.,  xxvi.,  p.  215).  The  following  are  fair 
examples — the  numbers  being  reduced  to  C.G.S.  units  : — 


Name  of  Salt. 

Molecular  conductivity 
calculated  from 

Molecular 

conductivity 

observed.1 

I  I  I 

KC/ 

the  ionic  velocities. 

I  12 

Na  Cl 

91 

92 

Vi  Cl 

82 

82 

KI 

II4 

114 

HN03 

340 

343 

Jr  B a  CZ2 

90 

92 

^  Z  n  C/2 

83 

82 

Na  OH 

HH 

00 

182 

In  the  case  of 

substances  whose  molecular  condui 

varies  greatly  between  a  strength  of  one-tenth  gram-equiv¬ 
alent  per  litre,  and  infinite  dilution,  the  effect  of  concentra¬ 
tion  is  so  great  that  no  agreement  is  obtained  ;  thus  acetic 


1  The  latest  numbers  are  rather  greater  than  these,  but  the  differences 
affect  both  observed  and  calculated  results  equally,  so  the  comparison  is 
the  same. 
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acid  should  give  316*8,  while  the  observed  number  is  4*6  for 
the  strength  given  above,  and  only  rises  to  1 38  '6  for  a  strength 
of  one  hundred  thousandth  of  a  gram-equivalent  per  litre. 

The  first  direct  measurement  of  the  velocity  of  an  ion 
under  a  definite  potential  gradient  was  made  by  Oliver 
Lodge  ( British  Association  Report ,  1886).  A  glass  tube 
contained  a  jelly  in  which  sodium  chloride  was  dissolved 
with  just  enough  caustic  soda  to  make  it  alkaline  and  bring 
out  the  colour  of  a  little  phenol-phthallein,  which  was  added. 
The  tube  ended  in  two  vessels  filled  with  dilute  solutions  of 
sulphuric  acid.  A  current  of  electricity  was  then  passed 
from  one  vessel  to  the  other  along  the  tube.  The  hydrogen 
ions  of  the  sulphuric  acid  travel  with  the  current,  and  when 
they  enter  the  tube  displace  the  sodium  ions,  which  are  also 
moving  in  the  same  direction,  and  form  hydrochloric  acid. 
The  presence  of  this  acid  decolourises  the  phenol-phthallein 
and  thus  the  movement  of  the  hydrogen  along  the  tube 
can  be  traced.  Lodge  found  that  the  velocity  produced  by 
a  potential  gradient  of  one  volt  per  centimetre  came  out 
from  three  experiments,  as  *0029,  *0026  and  *0024  centi¬ 
metres  per  second  respectively.  If  this  be  compared  with 
the  number  (*00282)  calculated  on  p.  377,  for  a  decinormal 
solution,  or  with  Kohlrausch’s  value,  *0032  for  infinite  dilution, 
it  will  at  once  be  seen  how  remarkable  the  agreement  is,  and 
what  strong  evidence  it  gives  for  the  truth  of  the  theory. 

Some  further  experiments,  in  which  the  motion  of  barium 
and  chlorine  ions  were  traced  by  the  precipitates  produced 
by  contact  with  sulphuric  acid,  did  not  give  such  good  re¬ 
sults,  but  the  disturbances  produced  by  the  precipitates,  and 
the  uncertainty  of  potential  gradient  introduced  by  the  vary¬ 
ing  resistance  of  the  solution  at  the  places  where  they  are 
formed,  are  quite  enough  to  explain  the  discrepancy. 

The  present  writer  has  determined  the  velocities  of  a 
few  other  ions  by  a  method  which  gets  over  some  of  the 
difficulties  inherent  in  the  use  of  indicators  or  precipitates 
(. Philosophical  Transactions  of  the  Royal  Society ,  1893,  A, 
P-337)-  A  pair  of  solutions,  with  one  ion  in  common,  is 
used,  one  at  least  of  which  is  coloured.  The  solutions  must 
be  of  the  same  equivalent  strength,  nearly  equal  specific 
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resistance,  and  of  slightly  different  density,  such  for  instance 
as  decinormal  solutions  of  copper  and  ammonium  chlorides 
with  enough  ammonia  added  to  each  to  bring  out  the  deep 
blue  colour  of  the  copper.  The  ammonium  chloride  solution 
is  rather  lighter  than  the  other  and  can  be  gently  poured  on 
to  its  surface,  so  that  a  fairly  sharp  line  of  junction  is  obtained 
in  a  vertical  tube.  When  a  current  is  passed  across  this 
junction  it  carries  the  copper  and  ammonium  ions  forward 
with  it,  while  the  chlorine  ions  in  both  solutions  move  in 
the  opposite  direction.  Since  the  blue  colour  depends  on 
the  presence  of  the  copper  ion,  the  boundary  between 
the  colours  moves  with  the  current  and  its  speed  can  be 
measured.  It  was  proved  by  observation  that  the  speed  is 
proportional  to  the  potential  gradient,  and  hence  the  specific 
ionic  velocity  for  unit  gradient  can  be  deduced.  For  copper 
it  came  out  *000309.  For  infinite  dilution  Kohlrausch  gives 
*00031,  but  this  is  not  strictly  comparable.  It  is  a  little 
difficult  to  get  a  value  from  theory  for  the  strength  of  solu¬ 
tion  used  for  this  experiment,  as  no  migration  data  for  copper 
chloride  are  known,  but  the  number  is  certainly  less  than 
*00030.  The  motion  of  an  acid  radicle  was  investigated  by 
using  solutions  of  potassium  bichromate  and  potassium  car¬ 
bonate.  The  ionic  velocity  of  the  bichromic  acid  group 
(O207)  was  found  to  be  *00047,  *00048,  and  *00046  by  three 
experiments.  From  the  conductivity  and  migration  data 
the  number  *000473  can  calculated  from  Kohlrausch’s 
theory.  The  method  was  then  extended  to  the  case  of 
alcohol  solutions,  and  measurements  were  made  with  solu¬ 
tions  of  cobalt  nitrate  (red)  and  cobalt  chloride  (blue).  The 
agreement  with  theory  was  again  fairly  close. 

Further  experiments  are  now  being  made  ;  the  behaviour 
of  solutions  in  agar  jelly  is  under  investigation,  and  it  is 
hoped  that  measurements  will  be  obtained  in  the  case  of 
solutions  of  abnormally  low  conductivity,  such  as  those  of 
ammonia  and  acetic  acid. 

It  seems  certain  then  that  Kohlrausch’s  theory  of  ionic 
velocity  represents  the  truth,  at  all  events  in  the  case 
of  good  electrolytes  in  dilute  solution.  Let  us  consider 
what  happens  when  the  concentration  is  greater  and  the 
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molecular  conductivity  becomes  less.  The  work  of  the 
founders  of  the  “  Dissociation  ”  theory  has  at  all  events 
convinced  us  that  in  such  cases  a  part  only  of  the  salt 
present  is  actively  concerned  in  conveying  the  current, 
whatever  be  the  physical  cause  of  the  inactivity  of  the  rest. 
We  are  thus  prevented  from  supposing  simply  that  the  ionic 
velocities  are  reduced  by  the  increased  viscosity  of  the  solu¬ 
tion — an  idea  which  an  examination  of  viscosity  data  would 
also  upset.  We  must  take  a  dynamical  view  of  the  ionisa¬ 
tion  equilibrium  and  (using  for  the  sake  of  convenience  the 
language  of  the  dissociation  theory)  imagine  each  ion  some¬ 
times  free  and  therefore  active,  and  sometimes  combined 
with  an  opposite  ion  and  rendered  inert.  The  ratio  of  the 
time  during  which  each  ion  is  on  the  average  free,  to  the 
time  during  which  it  is  combined,  measures,  as  will  at  once 
be  seen,  the  fractional  number  of  the  molecules  which  are 
at  any  instant  dissociated.  While  it  is  free  each  ion  is 
urged  forward  by  the  electric  forces  with  a  velocity  equal 
to  its  specific  velocity  at  infinite  dilution  (except  for  a  small 
charge  introduced  by  the  increased  viscosity).  While  it  is 
combined  it  is  at  rest.  We  thus  get  an  average  velocity 
which  is  reduced  to  the  value  required  on  Kohlrausch’s 
theory  by  the  diminished  molecular  conductivity. 

The  process  of  electrolysis  in  strong  solutions  of  those 
salts  which  have  a  low  conductivity,  and  are  therefore  only 
slightly  “dissociated,”  is  probably  in  reality  a  rather  com¬ 
plicated  phenomenon.  In  order  to  explain  the  abnormal 
migration  constant  of  Cadmium  iodide  in  alcohol,  observed 
by  Hittorf,  the  idea  of  complex  ions  has  been  introduced. 
In  the  case  of  this  electrolyte,  more  salt  is  taken  from  the 
solution  round  the  kathode  than  is  decomposed,  so  that  the 
anode  solution  actually  gets  stronger.  This  is  explained  by 
supposing  that  the  ions  in  this  case  are  C d  and  \2(Cd\.2)}  a 
molecule  of  undecomposed  salt  being  attached  to  the  anion. 

While  measurements  were  being  made  with  the  solutions 
of  cobalt  chloride  and  cobalt  nitrate  in  alcohol  mentioned 
above,  it  was  found  that  good  results  could  only  be  obtained 
with  solutions  whose  strength  was  less  than  about  o'o6  gram- 
equivalent  per  litre.  In  the  case  of  stronger  solutions  vari- 
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ous  curious  phenomena  (analogous  to  those  observed  by 
Gore,  Proc.  R.  S .,  1880  and  1881)  were  observed.  Several 
surfaces  of  separation  often  appeared,  the  liquid  between 
them  being  of  various  tints,  ranging  from  red  through 
purple  to  blue,  and  occasionally  some  of  these  junctions  had 
their  motion  reversed,  and  either  for  a  time  or  permanently 
travelled  in  the  wrono-  direction. 

O 

This  again  favours  the  view  that  in  such  solutions  com¬ 
plex  ions  are  formed.  Whether  any  such  phenomena  occur 
in  the  case  of  aqueous  solutions  is  not  yet  clear,  but  experi¬ 
ments  in  the  velocities  of  the  ions  of  electrolytes  of  abnor¬ 
mally  low  conductivity  may  throw  light  on  this  question. 

It  will  be  observed  that  nothing  has  been  said  about  the 
state  in  which  the  ions  exist  or  the  mechanism  by  which 
they  pass  from  place  to  place.  The  theory  and  its  confir¬ 
mation  are  thus  quite  independent  of  the  view  we  may  take 
of  the  nature  of  the  processes  of  solution  and  electrolysis. 
The  phenomena  of  chemical  action  and  the  agreement  with 
Ohm’s  law  shown  by  electrolytes  prove  that  a  continual 
molecular  interchange  of  partners  is  going  on  whether  or 
not  the  current  passes,  but  a  knowledge  of  the  particular 
mechanism  by  which  this  is  accomplished  is  not  necessary 
for  the  investigation  of  Kohlrausch’s  theory.  Whether  we 
accept  the  view  of  Van  t’ Hoff,  Ostwald,  and  Arrhenius, 
which  supposes  that  all  but  a  small  percentage  of  the  num¬ 
ber  of  molecules  in  an  electrolytic  solution  are  dissociated 
into  ions  existing  uncombined  in  the  liquid,  or  the  chemical 
hypothesis  which  requires  freedom  only  at  the  instant  of " 
interchange  of  partners  between  two  colliding  molecular 
structures,  we  are  obliged  to  imagine  the  ions  travelling  by 
some  means  under  the  influence  of  the  electric  forces  and 
attaining  a  definite  average  limiting  velocity.  But  although 
Kohlrausch’s  theory  does  not  oblige  us  to  accept  either  the 
“dissociation”  or  the  “chemical”  view  of  electrolysis,  the 
fact  that  in  dilute  solution  each  ion  has  a  definite  velocity 
independent  of  the  other  present  seems  to  favour  the  idea 
that  electrolytes  contain  free  ions.  It  is  important  to  re¬ 
member  that,  as  J.  J.  Thomson  has  pointed  out  ( Phil .  Mag., 
1893,  xxxvi.,  p.  320),  two  bodies  charged  with  opposite  kinds 
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of  electricity  have  their  attraction  very  much  diminished 
when  they  are  immersed  in  a  medium  of  high  specific  in¬ 
ductive  capacity  like  water.  It  follows  from  this  that  when, 
during  the  changes  and  chances  of  their  molecular  life,  two 
ions  come  in  very  close  contact  with  particles  of  solvent, 
their  mutual  attraction  may  be  less  than  the  attraction  be¬ 
tween  one  or  both  of  them  and  the  surrounding  medium, 
and  dissociation  may  take  place.  This  force  attracting  a 
charged  ion  to  the  solvent,  which  is  of  the  same  nature  as 
that  between  a  charged  body  and  a  non-electrified  conductor 
near  it,  will  prevent  its  combining  with  an  opposite  ion  until 
one  happens  to  get  so  close  that  the  other  forces  are  over¬ 
come.  This  will  of  course  occur  less  frequently  as  the 
number  of  ions  gets  less,  and  so  in  very  dilute  solutions  the 
dissociation  remains  almost  complete.  It  is  not  necessary 
to  assume  that  the  ion  remains  always  in  combination  with 
the  same  molecules  of  water,  which  would  involve  a  trans¬ 
ference  of  solvent  under  the  action  of  the  electric  forces. 
In  the  jostling  crowd  of  solvent  molecules  it  is  soon  passed 
on  to  others,  and  so  works  its  way  towards  its  destined 
pole.  As  long  as  it  meets  few  distractions,  in  the  shape  of 
ions  of  opposite  kind,  on  the  road,  its  speed  depends  only 
on  itself,  the  solvent  and  the  electric  forces,  but  when  such 
encounters  become  frequent  it  sometimes  forms  connections 
which,  while  they  last,  render  the  ion  inactive,  and  totally 
prevent  the  performance  of  its  proper  electrolytic  work. 
This  loose  combination  with  the  solvent  would  give  the 
ions  freedom  to  travel,  without  allowing  them  to  wander 
about  under  what  some  consider  the  insufficient  chaperonage 
of  their  own  electric  charges. 

The  fact  that  water,  which  has  a  high  specific  inductive 
capacity,  makes  such  a  good  electrolytic  solvent  is  of  great 
interest.  The  power  which  a  liquid  has  of  enabling  sub¬ 
stances  dissolved  in  it  to  carry  electricity  may  be  largely 
due  to  the  reduction  which  it  causes  in  the  electric  forces 
holding  their  molecules  together,  and  the  consequent  in¬ 
creased  facility  for  the  production  and  preservation  of  dis¬ 
sociated  ions.  This  property  would  depend  on  the  specific 
inductive  capacity,  and  it  therefore  becomes  most  interesting 
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to  compare  the  values  of  this  dielectric  constant  for  various 
liquids  with  the  conductivities  of  salts  dissolved  in  them. 
Since  for  our  purpose  a  comparison  with  a  definite  constant 
of  the  pure  solvent  is  needed,  the  ratio  of  the  conductivities 
of  very  dilute  solutions  should  be  used.  The  conductivities 
of  very  dilute  solutions  of  calcium  chloride  in  methyl  and 
ethyl  alcohols  have  lately  been  determined  by  Fitzpatrick 
and  the  writer  of  this  article.  There  are  not  for  these 
cases  such  definite  limiting  values  as  for  water  solutions, 
but  the  following  relative  numbers  for  the  molecular  conduc¬ 
tivities  (that  of  the  infinitely  dilute  aqueous  solution  being 
taken  as  1 00)  correspond  to  the  greatest  dilutions  reached  : — 
Water  100.  Methyl  Alcohol  70.  Ethyl  Alcohol  23. 
Although  the  specific  inductive  capacities  of  water  and 
ethyl  alcohol  have  been  measured  by  several  observers,  the 
only  value  for  methyl  alcohol  is  that  given  by  Tereschin,  so 
for  the  sake  of  comparison  his  results  for  all  three  are  used. 
He  gives  water  =  837  ;  methyl  alcohol  =  32*65  ;  ethyl 
alcohol  =  25*8.  These  numbers  must  be  corrected  for  the 
viscosities  of  the  liquids  (the  relative  values  of  which  are 
100  :  63  :  120).  If  we  assume  that  the  ionic  velocities,  and 
therefore  the  conductivities,  are  inversely  proportional  to  the 
viscosities  we  get  the  following  values  : — 

Water  100.  Methyl  Alcohol  63.  Ethyl  Alcohol  26. 
The  approximation  of  these  numbers  to  those  given  above 
for  the  conductivities,  suggest  that  these  properties  are  at  all 
events  the  chief  factors  in  determining  the  “relative  ionisa¬ 
tion  power”  of  a  solvent. 

If  the  table  of  velocities  on  p.  377  be  examined,  it  will 
be  seen  that  the  values  for  the  elements  in  a  chemical  group, 
such  as  that  of  the  alkali  metals,  increase  with  the  atomic 
weight.  Thus  we  get  L i  =  36,  Na  =  45,  K  =  66.  Studies 
of  these  relations  have  been  made  by  Ostwald,  Walden  and 
others,  and  G.  Bredig  has  collected  all  known  results  and 
added  others  from  his  own  observations  in  an  elaborate 
paper  in  the  Zeitschrift  fur  Physikalische  Chemie ,  1894, 
xiii.,  p.  243.  The  ionic  velocity,  like  so  many  other  physical 
and  chemical  properties,  appears  to  be  a  periodic  function 
of  the  atomic  weight  of  the  elements,  and  if  plotted  on  a 
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carve  shows  maxima  and  minima,  similar  elements  falling 
on  the  corresponding  points  of  each  portion  of  the  curve. 

The  conductivities  of  an  immense  number  of  salts  con¬ 
taining  one  or  more  organic  radicles  have  also  been  measured 
and  the  velocities  of  their  ions  calculated.  The  following 
are  some  of  Ostwald’s  results  : — 


Univalent  Anions. 

Formic  acid  group 
Acetic  ,, 

Propionic  ,, 

Butyric  ,, 

Valeric  ,, 

Caproic  ,, 

Similar  tables  for  univalent  kations  of  the  ammonium, 
methylammonium,  etc.,  series  follow,  and  an  immense 
amount  of  similar  matter  will  be  found  in  Bredig’s  paper. 
The  differences  for  successive  additions  of  CH2  decrease  as 
we  ascend  the  series  ;  the  ionic  velocity  is  hence  described 
as  a  “  Convergent  additive  property  ”.  In  general,  as  it  is 
natural  to  expect,  compound  ions  travel  more  slowly  than 
elementary  ones,  but  no  very  simple  relations  can  be  traced, 
as  the  nature  as  well  as  the  number  of  the  compounded 
atoms  exerts  an  important  influence  on  the  velocity. 

The  speed  with  which  an  ion  travels  in  solution,  how¬ 
ever,  so  obviously  depends  on  many  factors,  that  one 
would  only  expect  a  qualitative  relation  between  it  and  the 
constitution  of  the  ion. 

The  extension  of  Kohlrausch’ s  theory  to  solvents  other 
than  water,  a  first  attempt  at  which  is  described  above,  and 
the  investigation  of  aqueous  solutions  of  abnormally  low 
conductivity,  seem  the  most  promising  fields  for  future  work. 
Most  interesting  information  about  the  existence  and  nature 
of  complex  ions  ought  to  be  thus  obtained  and  light  thrown 
on  the  whole  subject  of  solution  and  electrolysis,  for  it  is  by 
the  study  of  apparent  exceptions  that  we  learn  the  full  scope 
and  limitations  of  a  new  theory. 


HCO/  51-2 
H3C202'  38'3 
H5C3O/  34*3 
308 
28T 


.5W3  w-2 

H7QCV 

HcAOo 

HnC602 


2  7 '4 


Difference  for 
addition  of  CH2. 

-  I  2 '9 

-  4-0 

-  3*5 

-  2*0 

-  I ‘4 
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INSULAR  FLORAS. 

PART  II. 


BOTANICAL  enterprise  in  New  Zealand  is  very  active, 
owing  doubtless  to  the  fact  that  very  early  in  the 
settlement  of  the  country  by  Europeans  the  community  had 
a  good  foundation  on  which  to  build  a  superstructure  ;  and 
this  may  be  said  of  Australia.  Even  now  there  are  better 
general  works,  of  moderate  cost,  on  the  botany  of  our 
colonies  at  the  Antipodes  than  on  the  European  flora. 
Allan  Cunningham  should  not  be  forgotten  in  the  history 
of  botanical  discovery  in  New  Zealand  ;  but  the  botanical 
results  of  Sir  James  Ross’s  Antarctic  expedition  by  Sir  J. 
D.  Hooker,  is  the  foundation  to  which  I  allude.  On  this 
basis  the  colonists  have  not  only  worked  out  the  details  of 
the  botany  of  the  main  islands,  but  almost  all  of  the  outly¬ 
ing  small  islands,  such  as  the  Snares,  Auckland,  Campbell, 
Macquarie,  Antipodes,  Bounty  and  Kermadecs,  have  been 
visited  and  almost  thoroughly  explored.  But  I  will  first 
take  the  main  islands,  though  I  do  not  propose  entering 
into  much  detail  concerning  their  flora,  because  the  subject 
has  been  discussed  over  and  over  again.  Since  the  publi¬ 
cation  of  Sir  Joseph  Hooker’s  Handbook  in  1864,  no  com¬ 
plete  account  of  the  flora,  so  far  as  it  is  known,  has  appeared, 
though  one  has  long  been  promised  and  expected.  In  the 
meantime  an  enormous  number  of  proposed  new  species 
have  been  described  ;  that  is  to  say,  an  enormous  number 
in  proportion  to  the  whole.  Hooker’s  Handbook  contains 
descriptions  of  935  species  of  flowering  plants  belonging  to 
302  genera  ;  and  since  the  publication  of  that  work  descrip¬ 
tions  of  about  540  reputed  new  species  have  appeared  in 
the  Transactions  of  the  New  Zealand  Institute,  to  say 
nothing  of  those  published  elsewhere.  A  large  number 
of  them  are  distinct  and  well-defined  species.  On  the  other 
hand,  more  than  half  of  them,  probably,  would  not  be  ac¬ 
cepted  by  the  majority  of  botanists.  With  the  exception  of 
one  very  interesting  new  genus,  to  be  referred  to  again, 
they  all  belong  to  previously  known  genera ;  and  such 
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familiar  and  widely-spread  genera  as  Ranunculus ,  Senecio , 
Veronica  and  Carex  yield,  between  them,  nearly  ioo  of  these 
new  species.  Among  the  Australasian  genera  Coprosma  and 
Olearia  are  credited  with  fifty  between  them  ;  and  Car- 
michcelia,  Celmisia  and  Astelia  with  about  a  dozen  each.  It 
is  evident,  therefore,  disregarding  the  limitation  of  species, 
that  the  later  discoveries  in  New  Zealand  in  no  way  affect 
the  previous  problems  of  distribution.  As  already  indicated 
in  a  previous  article,  recent  explorations  have  revealed  the 
existence  of  exceedingly  few  extensions  of  New  Zealand 
types,  specific  or  generic,  so  that  the  strongly  endemic 
character  of  the  flora  is  still  maintained  ;  but  the  very  close 
affinity  of  the  orchid  flora  of  New  Zealand  with  that  of 
Australia  has  been  strengthened  by  the  discovery  in  New 
Zealand  of  Caleana  minor ,  Calochilus  campestris  and  Calo- 
chilus  paludosus :  the  first  a  native  of  New  South  Wales  and 
Tasmania  ;  the  second  the  same  and  extending  to  Queens¬ 
land;  and  the  third  New  South  Wales  and  Queensland.  Why 
this  close  relationship  should  exist,  is  difficult  to  explain,  in 
the  absence  of  the  more  prominent,  more  universal  and  more 
easily  dispersed  Australian  types,  especially  when  we  con¬ 
sider  that  nearly  the  whole  of  the  northern  island  of 
New  Zealand  is  in  a  lower  latitude  than  Tasmania.  An¬ 
other  fact  of  interest  in  this  connection  is  the  discovery  in 
Stewart  Island,  in  the  extreme  south  of  New  Zealand,  of 
two  very  rare  Tasmanian  plants  in  abundance,  namely, 
Actinotus  bellidioides  (Umbelliferae)  and  Liparophyllum 
Gunnii ,  a  monotypic  genus  of  the  Gentianaceae.  But  it  is 
not  my  intention  to  discuss  the  question  at  this  point.  The 
only  other  fact  I  have  to  repeat  here  is  that  but  one  new 
genus  has  been  discovered  since  the  publication  of  Hooker’s 
Handbook  in  1864 — at  least  the  only  one  that  has  come 
under  my  notice.  This  is  a  very  singular  and  very  small 
herbaceous  plant  named  Tetrachondra  Hamiltonii  (1),  and 
so  like  Tillcea  in  habit  that  it  was  first  referred  to  that  genus. 
The  flowers  being  very  minute,  their  structure  was  at  first 
misunderstood.  This  plant  not  only  closely  resembles  Tillcea , 
but  actually  grows  in  semi-aquatic  situations  associated  with 
a  species  of  this  genus.  Its  immediate  affinity  has  not  been 
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determined,  supposing  such  exists  ;  but  it  appears  to  be  an 
aberrant  member  of  the  Boragineae,  with  strictly  opposite 
leaves  and  albuminous  seeds. 

The  smaller  islands  appertaining  to  the  New  Zealand 
region  may  be  dealt  with  under  two  heads,  namely,  those 
contiguous  to  the  main  islands,  and  those  of  a  more  oceanic 
character.  Space  will  permit  of  reference  to  a  very  small 
selection  only  of  those  belonging  to  the  former  category  ; 
but  as  the  accounts  of  these  small  floras  are  exceedingly 
interesting,  it  would  not  be  justifiable  to  pass  them  over 
altogether,  especially  as  they  appeared  in  publications  ac¬ 
cessible  to  a  comparatively  small  number  of  persons.  Fore¬ 
most  comes  Stewart  Island  (2),  South  Island  of  the  older 
books  and  maps,  and  still  of  the  Colonial  Office  list,  though 
not  of  the  colonists,  who  designate  the  former  Middle 
Island  as  South  Island.  Some  explanation  is  necessary, 
because  much  confusion  has  arisen  in  consequence  of  this, 
transfer  of  names.  Stewart  Island  has  an  area  of  about  640 
square  miles  ;  its  highest  point  is  about  3200  feet  above 
sea-level,  and  it  is  traversed  by  the  forty-seventh  parallel  of 
latitude.  In  this  comparatively  high  southern  latitude  a 
most  luxuriant  vegetation  flourishes,  including  extensive 
groves  of  tree  ferns,  belonging  to  five  different  species  ; 
and  individual  specimens  occur  up  to  twenty-five  feet  in 
height.  In  strong  contrast  to  this  profuse  fern  vegetation 
is  the  blaze  of  crimson  presented  during  the  months  of 
December  and  January  by  the  “  Rata,”  Metrosideros  lucida. 
Indeed,  from  Mr.  Kirk’s  description  Stewart  Island  must 
be  a  delightful  garden  of  ferns  and  flowers.  But  to  return 
to  the  more  scientific  aspect  of  the  subject.  So  far  as  at 
present  known,  and  the  island  has  been  by  no  means 
thoroughly  explored,  the  flora  comprises  380  species  of 
flowering  plants  and  nearly  70  species  of  ferns  and  lycopods. 
The  fern  vegetation  is  really  marvellously  rich,  and  Mr. 
Kirk  gives  reasons  for  supposing  that  several  other  species 
will  yet  be  discovered.  I  cannot  resist  referring  to  his 
description  of  the  ‘Archdeacon’s  Cove,’  where  he  found 
Hymenophyllum  pulcherrimum  with  fronds  between  two 

and  three  feet  long,  and  Todea  super ba  having  a  stout  stem 
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eighteen  inches  high  with  a  crown  of  fronds,  the  longest 
five  feet  in  length  !  I  may  add  that  no  fewer  than  twenty 
species  of  Hynienophylluin  and  Tnchomcines  have  been  col¬ 
lected.  Epiphytes,  apart  from  ferns,  are  abundant,  includ- 
ino-  the  orchids,  Earina  mucronata ,  E.  autumnalis  and 
Dendrobium  Cunninghanni.  Indeed,  the  climate  appears 
to  be  exceptionally  mild,  as  the  plants  of  the  colder  regions, 
such  as  the  beeches  and  Phyllocladus  alpinus ,  are  absent ; 
yet  “numerous  species  usually  restricted  to  alpine  or  sub- 
alpine  situations  occur  at  sea-level  This  sounds  some¬ 
what  paradoxical,  but  this  phenomenon  is  exemplified  in  other 
parts  of  the  world,  even  to  some  extent  in  our  own  islands 
by  the  genera  Armeria  and  Plantago.  The  flora  also 
includes  several  apparently  endemic  species  and  a  few  only 
known  elsewhere  from  the  Auckland  and  Campbell  Islands. 
Finally  not  a  single  leguminous  plant  has  hitherto  been 
observed  in  the  island. 

The  Snares  is  the  name  given  to  a  group  of  small  gra¬ 
nitic  rocky  islands,  situated  about  sixty-five  miles  south 
of  Stewart  Island.  The  largest  island  is  about  a  mile  and 
a  half  in  its  greatest  diameter  and  less  than  500  feet  in 
its  greatest  altitude.  This  was  botanised  by  Mr.  Thos. 
Kirk  in  1890  (3),  who  collected  twenty  flowering 

plants  and  three  ferns,  besides  four  evidently  naturalised 
grasses.  The  only  woody  plants  are :  Olearia  Lyalin , 
Senecio  Muelleri  and  Veronica  elliptica.  The  first,  a  member 
of  the  Composite,  is  the  most  abundant,  and  in  level  situa¬ 
tions  forms  a  tree,  occasionally  nearly  thirty  feet  high  with 
a  trunk  three  feet  in  diameter.  Senecio  Muelleri  attains 
nearly  as  large  dimensions  and  is  described  as  a  very  noble 
species.  It  was  originally  discovered  on  Herekopere 
Island,  one  of  the  small  islands  adjacent  to  Stewart  Island, 
and  it  has  also  been  recorded  from  South  Cape  Island  ;  but 
it  is  not  known  to  inhabit  any  other  locality.  No  doubt,  as 
Mr.  Kirk  suggests,  the  herbaceous  vegetation  is  so  meagre 
in  consequence  of  the  excessive  number  of  penguins,  gulls 
and  other  birds,  which  trample  small  plants  out  of  existence. 
A  vigorous  grass-like  Poa  foliosa  flourishes  all  the  more 
luxuriantly  for  the  presence  of  the  birds,  and  the  same  may 
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be  said  of  the  large-leaved  Avalia  Lyalin ,  which  has  large 
orbicular  leaves  two  feet  in  diameter,  borne  on  stout 
petioles.  The  only  endemic  plant  is  Ligusticum  acuti- 
folium ,  observed  only  in  one  place. 

Passing  from  the  extreme  south  of  New  Zealand  to  the 
extreme  north  there  is  a  group  of  islands  called  the  Three 
Kings  ;  the  larger  ones  known  as  the  Great  King,  East 
King  and  West  King  respectively.  They  are  situated 
about  thirty-eight  miles  north-west  of  Cape  Maria  van 
Diemen.  The  largest  of  these  islands  is  less  than  two 
miles  in  its  greatest  diameter,  and  barely  a  thousand  feet 
high ;  and  the  others  are  much  smaller ;  yet  botanically 
they  are  exceedingly  interesting.  Previous  to  1887,  how¬ 
ever,  they  had  not  been  visited  by  a  botanist.  In  the  spring 
of  that  year,  and  again  in  1889,  Mr.  T.  F.  Cheeseman  was 
given  a  passage  on  the  Colonial  Government  steamer  which 
periodically  visits  the  outlying  islands  to  rescue  possible 
shipwrecked  sailors  ;  and  he  has  published  a  full  account  of 
these  visits  (4).  On  the  first  occasion  they  landed  only  on 
the  Great  King,  where  they  collected  eighty-two  species  of 
vascular  plants  including  fifteen  ferns.  Three  are  described 
as  new,  namely,  Pittosporum  Fairchildii ,  Coprosma  macr Cl¬ 
ear  pa  and  Paratrophis  Smithii.  On  the  second  occasion 
the  party  succeeded  in  landing  on  the  West  King  as  well  as 
on  the  Great  King,  and  on  the  former  a  notable  discovery 
was  made  by  the  botanist,  who,  to  his  great  delight,  found 
that  the  whole  of  the  northern  slope,  where  not  too  steep, 
was  covered  with  the  rare  Meryta  Smclairii  ( Botryodendron 
Sznclairii ),  a  very  striking,  large-leaved  araliaceous  tree. 
Interspersed  with  it,  in  the  more  sheltered  places,  were 
some  fine  luxuriant  specimens  of  Cordyline  australis ,  with 
an  undergrowth  of  the  broad-leaved  form  of  Piper  excelsuzn. 
Until  this  discovery  was  made  it  was  believed  that  the 
Meryta  was  almost  extinct.  It  had  never  been  found  on  the 
mainland,  except  under  cultivation,  and  only  a  few  trees 
were  known  to  exist  in  the  Taranga  Islands  (Hen  and 
Chickens),  some  200  miles  distant  down  the  eastern  coast, 
off  the  mouth  of  Wangari  Harbour,  uwhere  it  is  likely  soon  to 
become  extinct  ”.  The  second  visit  brought  the  total  number 
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of  vascular  plants  up  to  143-  This  is  a  comparatively  small 
flora ;  but,  as  Mr.  Cheeseman  points  out,  it  is  in  no  danger 
of  being  destroyed,  and  the  Three  Kings  Islands  will  pro¬ 
bably  long  remain  a  safe  preserve  of  rare  plants  and  rare  birds. 

Among  the  more  distant  islands  of  the  New  Zealand 
region  recently  explored  botanically,  the  first  to  claim  our 
attention  is  the  Kermadec  group.  The  group  consists  of 
four  principal,  widely  separated  islands  ;  the  largest,  Sunday 
Island,  being  about  twenty  miles  in  circumference  and  nearly 
650  miles  distant  from  Auckland ;  or  midway  between 
New  Zealand  and  Tongatabou.  The  centre  is  occupied  by 
a  crater  more  than  a  mile  in  diameter,  the  rim  of  which 
rises  to  1720  feet  in  its  highest  part.  Previous  to  the  visit 
of  our  author,  Mr.  T.  F.  Cheeseman  (5),  almost  nothing 
was  known  of  the  vegetation  of  this  or  any  of  the  other 
islands  of  the  group.  Naturally,  from  the  position  of  these 
islands,  the  composition  of  the  flora  was  looked  forward  to 
with  much  interest.  It  has  already  been  pointed  out  (ante, 
p.  31)  how  absolutely  the  New  Zealand  and  Australian 
elements  are  wanting  in  the  nearest  parts  of  Polynesia. 
The  results  of  the  botanical  investigation  of  Sunday  and 
Macaulay  Islands  of  the  Kermadec  group  are  instructive  as 
showing  how  strongly  the  New  Zealand  element  predomi¬ 
nates,  and  how  probable  the  hypothesis  of  a  land  connec¬ 
tion  between  Eastern  Australia  and  New  Zealand,  including 
intervening  islands,  though  Cheeseman  records  it  as  his 
opinion  that  the  Kermadecs  were  not  included  in  this  con¬ 
nection.  Sunday  Island,  the  only  one  thoroughly  botanised 
by  him,  is  clothed  with  forest  from  the  sea-shore  to  the 
highest  peaks  ;  and,  although,  as  we  shall  see,  the  affinities 
of  the  flora  generally  are  much  more  strongly  New  Zealand 
than  Polynesian,  “  the  prevailing  tree,  forming  two-thirds 
of  the  vegetation,”  is  the  common  Polynesian  Metrosideros 
polymorpha.  This  species  does  not  occur  either  in  Aus¬ 
tralia  or  in  New  Zealand  or  in  Norfolk  Island,  but  it  is 
generally  diffused  in  Polynesia,  extending  eastward  to  the 
Hawaiian,  Marquesas  and  Pitcairn  Islands.  The  Norfolk 
Island  palm,  Rhopalostylis  Baueri  (Areca  Bauem ),  or  a 
closely  allied  species,  comes  next  in  prominence  and  abun- 


INSULAR  FLORAS. 


393 


dance  ;  and  Cyathea  Milnei ,  an  endemic  tree  fern,  is  another 
conspicuous  object,  often  attaining  a  height  of  fifty  or  sixty 
feet.  From  Mr.  Cheeseman’s  tabulation  of  the  distribu¬ 
tion  of  the  eighty-four  phanerogams  and  thirty-one  vascular 
cryptogams  collected,  we  learn  that  eighty-five  are  also 
found  in  New  Zealand,  though  only  fourteen  of  them  have 
no  wider  diffusion.  Forty-seven  extend  to  Polynesia,  but 
of  these  no  fewer  than  thirty-seven  also  inhabit  New  Zealand. 
About  forty  of  the  species  also  occur  in  Lord  Howe’s 
Island  and  in  Norfolk  Island,  but  with  three  or  four  excep¬ 
tions  they  also  occur  in  New  Zealand  ;  and  the  same  may 
be  said  of  those  extending  to  Australia.  Assuming  the 
palm  to  be  correctly  identified,  though  Mr.  Cheeseman  does 
not  appear  to  be  absolutely  certain  on  this  point,  it  is  the 
only  one  of  the  peculiar  Norfolk  Island  plants  found  in  the 
Kermadecs  ;  and  none  of  the  peculiar  Lord  Howe  Island 
plants  occurs  there.  Finally  it  may  be  observed  that  the 
endemic  element  is  exceedingly  small  considering  the  great 
isolation  of  the  group  ;  only  six  species  being  described  as 
peculiar,  namely,  one  herbaceous  :  Sccevola  gracilis ,  and  five 
arboreous :  Coprosma  acutifolia ,  Myrsine  kermadecensis , 
Carumbium  poly  an  drum,  Boehmeria  dealbata  (at  first  con¬ 
fused  with  B.  australis )  and  Cyathea  Milnei. 

Passing  southward  we  encounter  the  Chatham  Islands, 
concerning  the  botany  of  which  there  is  nothing  recent. 
Next  come  the  Bounty  Islands,  in  about  47°  30'  S.  lat.,  which 
support  no  vascular  plants  (6),  and  then  Antipodes  Island, 
in  about  49°  30'.  Previous  to  1890  the  botany  of  this 
island  was  quite  unknown,  but  during  that  year  Mr.  T.  Kirk 
had  an  opportunity  of  landing  there  for  a  few  hours  (7). 
The  island  is  the  crater  of  an  extinct  volcano  with  a 
diameter  of  about  two  miles  ;  the  highest  part  being  about 
1300  feet.  Its  vegetation  consists  largely  of  coarse  sedges 
and  grasses,  though  plants  with  showy  flowers  are  not 
altogether  wanting  ;  the  beautiful  P leurophyllum  criniferum 
(Composite)  being  as  luxuriant  as  in  the  Auckland 
and  Campbell  Islands.  Stilbocarpa  polaris  (Araliaceae) 
is  another  prominent  ornamental  plant ;  and  a  new  white- 
flowered  gentian,  Gentiana  antipoda ,  was  very  abundant. 
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Senecio  antipodus ,  a  handsome  herbaceous  species,  was  the 
only  other  endemic  plant  collected.  Woody  plants  were 
limited  to  three  species  of  Coprosma  (Rubiaceae),  two  of 
which  are  prostrate  shrubs,  and  the  third,  C.  cuneata , 
rarely  exceeds  the  stature  of  a  low-growing  bush.  Including 
Stellar ia  media  and  Poa  annua,  two  naturalised  plants, 
fifty-five  species  of  vascular  plants  were  collected,  about 
forty  of  which  are  common  to  the  main  islands  of  N  ew 
Zealand.  A  few  are  peculiar  to  Antipodes,  Campbell 
and  other  “  Antarctic  ”  islands  ;  among  them  :  Stellama 
decipiens,  Colobanthus  muscoides ,  Ligusticum  antipodum , 
Stilbocarpa  polaris ,  P  leurophy  llum  criniferum  and  Clnlo- 
glottis  cornuta ,  a  ground  orchid.  Mr.  Kirk  also  visited 
Campbell  Island  (8)  and  the  Auckland  group  (9)  and  suc¬ 
ceeded  in  adding  upwards  of  a  dozen  to  the  previously 
known  plants  from  these  islands.  He  found  the  handsome 
and  striking  herbaceous  plants,  for  which  these  islands  are 
famous,  in  their  full  glory.  The  genera  Ligusticum ,  Stil¬ 
bocarpa,  P leurophy llum,  Celmisia ,  Myosotis ,  Gentiana,  Ver¬ 
onica  and  Bulbinella  are  specially  prominent  in  the  vege¬ 
tation.  Unfortunately,  cattle,  sheep,  goats  and  rabbits  have 
been  introduced  into  all  these  islands,  and  their  unique 
flora  is  certain  to  suffer  in  consequence.  The  beautiful 
Metrosideros  lucida  is  the  principal  tree  in  the  Aucklands, 
but  very  rare  in  Campbell  Island,  where  indeed  no  real 
arboreous  vegetation  exists.  There  are  about  twenty-five 
species  of  ferns  in  the  Aucklands.  But  so  much  has  been 
written  on  this  subject  that  it  will  be  sufficient  to  enumerate 
the  plants  not  previously  recorded.  They  are  :  Ligusticum 
latifolium,  var.  angustatum,  P  leurophy  llum  Gilliesianum, 
Lagenophora  Forsteri,  Samolus  repens,  Rumex  neglectus , 
Phormium  tenax,  J uncus  bufomus,  Deschampsia  gracillima, 
D.  Hookeri,  Lomana  dura ,  Aspidium  cystostegia,  Hymeno- 
phyllum  villosum,  H .  polyanthos  and  H .  bivalve. 

For  the  sake  of  completeness,  reference  may  here  be  made 
to  the  flora  of  Macquarie  Island,  the  most  southernly  of  the 
outlying  islands  of  the  New  Zealand  region,  though  its  ex¬ 
ploration  was  previous  to  1885  (10) ;  and  more  especially  as 
Mr.  Kirk  has  published  a  revised  list  of  the  plants  (11). 
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Mr.  Scott’s  collection  consisted  of  twenty-one  species  of 
vascular  plants,  all  herbaceous,  and  including  Stiibocarpa 
and  PleurophyLlum.  The  majority  of  the  others  are  such 
as  are  found  all  round  in  the  coldest  southern  region  of 
phanerogamic  vegetation  ;  and  there  are  no  endemic  species, 
which  is  quite  in  conformity  with  the  conditions  in  other 
parts  of  the  southern  hemisphere,  as  well  as  in  the  northern 
coldest  region  of  vegetation. 

The  botanical  exploration  of  South  Georgia  by  a  German 
expedition  (13)  adds  one  more  important  link  in  the  chain 
of  “  x\ntarctic  ”  vegetation,  and  goes  to  strengthen  the  state¬ 
ment  advanced  by  the  writer  (14),  that  the  only  admissible 
demarcation  of  the  coldest  southern  floral  region  is  a  zonal 
one.  That  is  to  say,  broadly  speaking,  the  composition  of 
the  vegetation  of  the  remotely  separated  exceedingly  small 
islands  in  the  southern  seas,  on  the  extreme  limit  of  phane¬ 
rogamic  life,  is  practically  the  same  all  round  the  globe,  and 
is  in  all  probability  the  remains  of  a  more  extended  and 
possibly  continuous  belt,  because  the  present  conditions 
cannot  be  accounted  for  by  the  ordinary  means  of  dispersal. 
South  Georgia  is  situated  in  about  54°  S.  lat.  and  37°  W.  long. ; 
thus  being  20°  east  of  the  Falkland  Islands  and  in  a  some¬ 
what  higher  latitude.  It  was  discovered  by  Captain  Cook 
in  January,  1775  ;  and  at  least  one  of  the  Forsters,  the 
botanists  of  the  expedition,  was  among  the  party  that 
landed,  but  they  found  very  little  vegetation.  Cook 
describes  the  island  as  of  the  most  desolate  and  barren 
nature  conceivable,  observing  that  the  only  vegetation 
met  with  was  a  coarse  grass,  a  kind  of  burnet,  and 
a  moss-like  plant  growing  on  the  rocks.  Foster  does 
not  even  mention  these  plants  in  his  reference  to  the 
island.  The  members  of  the  German  expedition  spent 
nearly  a  year  on  the  island,  and  Dr.  Will  collected 
thirteen  species  of  phanerogams,  namely :  Ranunculus 
biternatus ,  Colobanthus  subulaius,  C.  crassifolius ,  Montia 
font  ana,  Acczna  adscendeus ,  A.  Icevigata ,  Callit  riche  verna , 
f  uncus  Novcz-Zealanduz,  Rostkovia  magellanica ,  Air  a 
antarctica ,  Phleum  alpinum ,  Festuca  erecta  and  Poa 
flabellata.  Some  of  the  plants  were  found  in  abundance 
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and  flourishing  luxuriantly.  Three  of  the  species  have  a 
wide  range,  and  belong  to  the  British  flora;  but  the  re¬ 
mainder  are  peculiar  to  the  cold  regions  of  the  southern 
hemisphere.  No  less  than  nine  out  of  the  thirteen  occur  in 
some  of  the  outlying  islands  of  the  New  Zealand  seas. 

We  may  now  pass  to  what  may  conveniently  be  termed 
the  American  Pacific  Islands. 

Ever  since  the  publication  of  Sereno  Watson’s  account 
of  a  botanical  collection  made  by  Dr.  E.  Palmer  in  Guade¬ 
loupe  Island,  Lower  California  (15),  American  botanists 
have  lost  no  opportunity  of  continuing  the  exploration  of  . 
what  may  be  termed  the  Californian  Archipelago.  The 
same  botanist  has  again  visited  Guadeloupe  Island  and 
brought  away  large  collections.  This  island  is  situated 
about  100  miles  from  the  mainland,  is  twenty-six  miles  long, 
with  an  average  breadth  of  ten  miles,  and  has  a  central  moun¬ 
tain  ridge  rising  to  nearly  4000  feet  above  the  level  of  the 
sea.  In  the  article  alluded  to  the  composition  of  the  flora 
is  carefully  analysed,  and  found,  like  that  of  Lower  Cali¬ 
fornia  generally,  to  be  an  extension  of  the  Californian  flora 
rather  than  the  Mexican  of  the  same  latitude.  Trees  are 
plentiful  over  much  of  the  island,  and  often  of  considerable 
dimensions.  Prominent  among  them  are,  an  oak  ( Quercus 
tomentellci ),  a  pine  ( Pinus  insignis ,  var.  binata ),  a  juniper 
i^Juniperus  calif ornica),  and  a  cypress  ( Cupressus  macro- 
carpa ).  Besides  these  there  is  an  endemic  palm  (. Erythea 
edulis),  “the  only  thing  on  the  island  having  a  tropical 
look”.  It  has  fan-shaped  leaves,  grows  thirty  to  forty  feet 
high,  and  bears  clusters  of  fruit  forty  to  fifty  pounds  in 
weight,  which  is  eaten  “by  man,  goats,  birds  and  mice  ”. 
The  discovery  of  an  endemic  palm  with  an  edible  fruit 
has,  of  course,  not  been  paralleled  in  subsequent  explora¬ 
tions  ;  but  a  number  of  less  prominent  plants  are  new  (16). 
One  hundred  and  forty-five  species  have  been  collected  in 
the  island,  and  of  these  thirty  have  not  been  found  else¬ 
where.  These  are  nearly  all  herbaceous  plants,  belonging 
to  natural  orders  characteristic  of  the  region.  In  order  to 
complete  the  botanical  bibliography  reference  should  be 
made  to  the  visit  of  another  botanist  (17),  who  among  other 
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novelties  discovered  the  only  two  members  of  the  Cactacea: 
(Mamillarza  Goocivichtt  and  Opinztict,  pi'olifcvci}  known  to 
inhabit  the  island.  Many  interesting  observations  are  em¬ 
bodied  in  Mr.  Greene’s  notes.  One  notable  fact  is  the 
presence  of  thousands  of  goats  without  “  any  perceptible 
injurious  effect  on  the  vegetation”.  Indeed,  a  small  body 
of  Mexican  soldiers  was  kept  on  the  island  to  prevent  free¬ 
booters  from  continuing  the  destruction  of  the  goats,  as 
ship-loads  of  goat-skins  and  tallow  had  previously  been 
exported  in  this  way  to  San  Diego.  The  disastrous  effects 
of  the  introduction  of  goats  where  there  was  scarcely  any 
herbaceous  vegetation,  as  in  St.  Helena,  is  too  well  known  ; 
they  ate  the  young  seedlings  and  browsed  on  the  shrubby 
vegetation  to  an  extent  that  soon  made  it  impossible  for 
reproduction  or  propagation  of  any  kind  to  proceed.  It  is 
probable,  however,  that  the  goats  are  preventing  the  devel- 
opement  of  young  plants  in  the  island  of  Guadeloupe  ;  for 
Greene,  who  was  ten  years  later  than  Palmer’s  first  visit, 
specially  notes  the  rapid  disappearance  of  the  old  trees  with¬ 
out  any  corresponding  increase  of  young  ones.  It  will  be 
sufficient  to  give  references  (18)  to  some  of  the  more  im¬ 
portant  of  the  numerous  lists  of  plants  collected  in  the  Cali¬ 
fornian  Islands.  Some  of  them,  however,  are  much  more 
than  lists,  and  contain  facts  of  great  value  in  phytogeo¬ 
graphy.  Thus  Brandeg  ee  tabulates  the  512  species  of  vas¬ 
cular  plants  found  in  the  five  islands  named.  Only  twenty- 
six  of  this  number  had  not  at  that  date  (1890)  been  found 
on  the  mainland,  and  it  was  assumed  that  further  explora¬ 
tions  would  considerably  reduce  this  apparently  endemic 
element.  One  peculiarity  of  the  flora  of  this  group  of 
islands  is  that  it  is  more  southern  in  character  than  the  im¬ 
mediately  opposite  part  of  the  mainland,  between  33°  and 
34°  N.  lat.  Cedros  Island,  just  outside  of  the  Bay  of  San 
Sebastian  Viscaino,  in  about  28°  lat.,  and  about  forty  miles 
from  the  mainland,  though  of  extremely  barren  appearance, 
has  a  very  curious  though  meagre  flora.  It  is  very  rugged, 
of  volcanic  origin,  with  peaks  rising  to  an  altitude  of  4000  feet  ; 
somewhat  triangular  in  outline,  and  a  little  over  twenty  miles 
in  its  greatest  diameter.  An  exploring  party  visited  the  island 
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as  long  ago  as  1859;  and  Dr.  Veatch,  one  of  the  party, 
brought  away  dried  specimens  of  a  few  plants,  including  a 
very  singular  one  described  below  ;  but  he,  who  was  not  a 
botanist,  reported  the  island  as  nearly  destitute  of  vegeta¬ 
tion.  Since  then  several  botanists  have  visited  Cedros  ; 
and  the  latest  summary  gives  the  number  of  phanerogams 
recorded  as  135  species.  With  regard  to  the  name  Cedros, 
it  should  be  explained  that  there  are  neither  cedars  nor 
cypresses  in  the  island,  and  it  seems  probable  that  the  name 
Cerros  of  the  older  maps  and  gazetteers  is  the  correct  one  ; 
but  Greene  (19)  argues  that  the  contrary  is  the  case  and 
that  the  island  received  its  name  from  the  presence  of  a 
juniper  ( Junipems  cedrosianus ),  although  this  juniper  is 
neither  plentiful  nor  prominent,  being  at  the  most  ten 
to  fifteen  feet  high,  and  often  a  dwarf  shrub.  Open  groves 
of  a  pine  ( Pinus  muricata)  exist  on  the  higher  slopes,  some 
of  the  trees  being  probably  as  much  as  seventy  feet  high. 
The  Dr.  Veatch  mentioned  above  collected  most  of  the 
specially  peculiar  plants  of  the  island,  and  although  they 
were  described  and  a  number  of  them  figured  as  long  ago 
as  1862,  it  may  be  desirable  to  give  a  reference  to  the 
place  (20),  because  it  is  a  publication  found  in  few  libraries 
in  Europe.  Remarkable  among  the  trees  is  the  anacardi- 
aceous  Veatchia  cedrosensis  ( Rhus  V eat  chi  ana).  Greene 
writes  :  “  The  most  conspicuous  objects  everywhere  were 
the  clumps  of  what  Dr.  Veatch  and  his  party  so  naturally 
denominated  the  elephant  tree.  These  trees  at  our  time 
had  not  put  forth  their  leaves,  and  their  low,  thick,  un¬ 
wieldy  trunks,  of  which  there  were  always  several  from  the 
same  root,  clothed  with  a  perfectly  smooth,  gray,  skinny 
bark  which  looks  like  the  distended  skin  on  a  very  fat 
animal,  could  hardly  fail  to  suggest  the  limbs  of  the  ele¬ 
phant.  There  are  no  parts  of  the  island,  except  the  higher 
elevations,  upon  which  this  tree  does  not  thrive  ;  but  the 
largest  specimens  were  seen  in  the  arroyos,  not  far  back 
from  the  shore.  Agreeably  to  its  aspect  of  a  swollen  limb, 
the  epidermis  of  the  trunk  is  really,  as  it  were,  distended 
by  a  very  thick,  soft,  inner  bark,  more  than  an  inch  in 
depth,  which,  when  cut,  exudes  a  great  quantity  of  some 
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gummy  or  pitchy  substance.”  Greene  gives  particulars  of 
the  height  of  this  tree  ;  but  Palmer  describes  it  as  “  a  dwarf 
tree  five  to  six  feet  high  Brandegee  has  identified  it  (21) 
with  Schinus  discolor  (22)  found  in  Magdalena  Bay,  Lower 
California  ;  but  we  think  erroneously,  though  we  have  not 
space  to  discuss  the  question  here.  Hauya  arbor ea  ( CEno - 
thera  arboreal)  is  another  remarkable  plant  from  Cedros 
Island.  It  can  hardly  belong  to  either  of  the  genera  to 
which  it  has  been  referred  ;  certainly  not  to  the  latter.  In¬ 
deed,  we  think  there  is  very  little  doubt  about  its  being  a 
species  of  Zauschneria ,  and  perhaps  only  a  shrubby  condi¬ 
tion  of  2".  californica ,  which  is  known  to  vary  very  much 
under  different  conditions.  The  name  arborea  is  a  little 
misleading,  because,  although  the  plant  becomes  woody,  it 
only  grows  six  to  eight  feet  high,  and  seldom  exceeds  two 
or  three  inches  in  diameter.  The  anomalous  Mexican  and 
Lower  Californian  genus  Fouquieria ,  which  has  been  re¬ 
ferred  to  such  widely  different  orders  as  the  Polemoniaceae 
and  Tamariscinese,  is  represented  by  a  yellow-flowered 
species  of  singular  habit,  named  F.  columnans ,  but  originally 
a  new  genus  under  the  name  of  Idria .  Agave  Sebastiana 
is  an  endemic  species,  well  represented  in  a  view  of  one  of 
the  bays  of  the  island  in  the  earliest  publication  cited  (20). 
Greene’s  report  (19)  contains  many  more  highly  interesting 
details  ;  but  until  the  botany  of  the  mainland  of  Lower  Cali¬ 
fornia  is  better  known  it  would  be  idle  to  speculate  whether 
the  numerous  strange  plants  found  in  Cedros  Island  are 
really  endemic. 

Proceeding  southward  we  come  to  the  Revillagigedo 
Islands,  the  largest  of  the  group,  lying  nearly  in  the  same 
longitude  as  Cape  San  Lucas,  Lower  California.  These 
islands  have  never  been  thoroughly  botanised ;  yet, 
as  they  are  upwards  of  250  miles  from  the  nearest  part  of 
the  mainland,  or  any  land,  with  an  elevation  of  2000  feet, 
some  interesting  results  might  be  expected.  Mr.  C.  H. 
Townsend,  the  ornithologist  of  the  Albatross  expedition,  re¬ 
ferred  to  below,  collected  a  few  plants  in  Socorro,  the  largest 
island  of  the  group,  twenty-four  miles  long  by  nine  miles 
broad,  and  in  Clarion  or  Cloud  Island,  about  40  to  the  west- 
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ward.  The  few  collected  are  published  (23)  and  the  authors 
state  that  the  flora  is  doubtless  tropical  and  similar  to  that  of 
Mexico.  Judging  from  the  list  of  plants,  it  would  be  more 
correct  to  designate  the  flora  as  subtropical,  although  the 
islands  are  within  the  tropics.  The  total  number  of  species 
found  on  the  two  islands  was  twenty-six ;  eighteen  in 
Socorro  and  twelve  in  Clarion,  four  being  common  to  the 
two.  Teucrium  Townsendii  and  Cardiospermum  Palmeri 
are  described  as  new  ;  but  the  latter  had  previously  been 
collected  in  Lower  California.  Most  of  the  other  plants  are 
common,  or  at  least  belong  to  common  genera ;  but  as  ten 
of  them  have  not  been  determined  some  doubt  remains  on 
this  point.  It  is  clear,  however,  that  the  indigenous  flora 
has  hardly  been  tapped. 

The  Galapagos  are  the  next  group  claiming  our  attention. 

In  1884  the  Italian  corvette  Vettor  Pis  am ,  on  a  voyage 
round  the  world,  put  in  at  the  Galapagos,  where  ten  days 
were  spent ;  and  Lieutenant  Chierchia  made  a  small  collec¬ 
tion  of  plants  on  Chatham  and  Floriana,  or  Charles,  Islands. 
This  was  worked  out  and  published  by  Professor  Caruel 
(24).  It  is  little  more  than  a  bare  list  and  adds  nothing 
important  to  previous  knowledge  of  the  flora,  though  two 
species  are  described  as  new,  namely  :  Polygonum  galapa- 
gense  and  Cy penis  galapagensis.  There  is  a  specimen  of 
the  former  at  Kew,  and  it  is  probably  an  endemic  plant ; 
but  it  requires  a  very  special  knowledge  of  Cyperus  to  give 
an  opinion  as  to  the  validity  of  the  proposed  new  species.  The 
Americans  lost  a  good  opportunity  of  increasing  our  know¬ 
ledge  of  the  flora  of  the  Galapagos  and  of  Cocos  Island  to 
the  north-east,  in  connection  with  the  voyage  of  the  Alba¬ 
tross;  for  although  a  few  plants  were  collected  (25)  next  to 
nothing  was  added  to  what  was  previously  known.  In  Pro¬ 
fessor  Agassiz’s  general  sketch  of  the  work  of  the  expedi¬ 
tion  (26)  there  are  many  interesting  details  on  the  aspects 
and  composition  of  the  three  belts  of  vegetation  in  the 
Galapagos  first  described  by  Wolf  (27)  “which  can  be 
recognised  on  all  the  islands  ”.  The  illustrations  afford  an 
excellent  idea  of  the  physiognomies  of  these  belts  of  vegeta¬ 
tion.  Particularly  striking  in  the  lower  or  more  barren  belt 
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are  the  huge  branching  Cacti.  Unfortunately  the  author’s 
knowledge  of  botany  was  insufficient  to  enable  him  to  describe 
adequately  what  he  saw.  There  are  excellent  maps  accom¬ 
panying  this  report.  Concerning  the  origin  of  the  fauna  and 
flora  of  the  Galapagos,  Agassiz  vigorously  attacksand  ridicules 
Baur’s  theory  of  subsidence,  put  forward  with  so  much  con¬ 
fidence  (28),  and  briefly  stated  thus:  “  My  conclusion,  therefore, 
is,  the  Galapagos  are  continental  islands  originated  through 
subsidence.  They  all  formed  at  a  past  period  one  large 
island,  and  this  island  itself  was  at  a  still  former  period 
in  connection  with  the  American  continent.”  It  will  be 
sufficient  to  have  directed  attention  to  the  discussion  here. 
It  is  worth  adding,  however,  that  Baur’s  article  is  supple¬ 
mented  by  an  excellent  bibliography. 

In  the  same  publication  Cocos  and  Malpelo  Islands  are 
also  represented  by  photographs  and  present  a  striking  con¬ 
trast  to  each  other.  The  one  is  a  cone,  covered  with  vegeta¬ 
tion  from  the  sea  to  the  summit ;  the  other  a  barren  rocky 
mass  with  steep,  almost  perpendicular,  cliffs,  recalling  the 
Island  of  St.  Helena.  It  is  a  pity  that  arrangements  were 
not  made  to  investigate  thoroughly  the  fauna  and  flora  of 
Cocos  Island  ;  for  although  it  was  visited  by  many  of  the 
early  voyagers,  such  as  Dampier,  Vancouver,  Anson  and 
Wafer,  who  each  described  it  more  or  less  fully,  it  has 
rarely  been  touched  by  later  expeditions,  and  by  none,  I 
believe,  for  scientific  purposes,  since  the  visit  of  H.M.S. 
Sulphur,  upwards  of  fifty  years  ago.  From  all  accounts,  its 
vegetation  is  totally  different  from  that  of  the  Galapagos, 
being  quite  tropical  in  character  and  including  a  variety  of 
trees  of  large  size,  and  tree-ferns  as  much  as  twenty  feet  high. 
The  Sulphur  expedition  brought  home  specimens  of  about 
a  dozen  flowering  plants,  two-thirds  of  which  were  de¬ 
scribed  as  new  and  peculiar  to  the  island.  The  few  plants 
collected  by  Agassiz  here  and  in  the  Galapagos  are  enu¬ 
merated  (25),  but  they  contain  nothing  of  interest.  One, 
Oxalis  Agassizi ,  from  the  Galapagos,  is  described  as  new. 

Leaving  the  Galapagos  for  the  distant  southern  Juan 
Fernandez,  or  John  Fernando,  as  some  of  the  earlier 
English  navigators  translated  it,  I  have  one  most  impor- 
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tant  discovery  to  chronicle.  It  has  been  on  record  for 
nearly  fifty  years  (29)  that  a  kind  of  sandal-wood  was,  in 
earlier  times,  very  common  in  the  island  ;  and  also  that  it 
all  perished  (from  what  cause  we  are  not  told,  but  the 
assumption  is  from  an  unusually  low  temperature)  in  one 
and  the  same  year.  This  bare  statement  was  in  a  manner 
supported  by  the  undoubted  existence  of  dead  trunks 
having  the  anatomical  characters  ol  sandal-wood.  Other¬ 
wise  the  probabilities  were  against  the  correctness  of  this 
record,  because  there  is  no  true  Santalum  in  America,  and 
the  nearest  habitat  of  any  species  of  the  genus  is  in  the 
Marquesas  Islands,  some  3500  miles  to  the  north-west 
of  Juan  Fernandez.  But  unimpeachable  evidence,  in  the 
form  of  living  specimens  in  flower,  has  come  to  light ; 
and  Mr.  F.  Philippi  (30)  has  figured  and  described  the 
species  under  the  name  of  Santalum  fernandezianum. 
Judg  ing  from  the  figure  and  an  imperfect  specimen  lately 
sent  to  Kew  by  the  author,  it  is  near,  though  distinct  from, 
S.  Freycinetianum ,  which  inhabits  the  Marquesas,  Society 
and  Hawaiian  Islands,  and  very  different  from  the  Indian 
S.  album ,  to  which  Gay  referred  it  in  the  work  cited  above. 
A  recent  work  (31)  on  the  ferns  of  Juan  Fernandez  merits 
attention  for  the  very  careful  manner  in  which  the  author 
has  worked  out  the  geographical  and  biological  details  from 
observations  on  the  spot.  The  number  of  species  enumer¬ 
ated  is  forty-five,  being  one  more  than  enumerated  by 
the  writer  (32) ;  and  seven  of  them  are  endemic. 
It  is  a  singular  and  unaccountable  fact  that  the  Lycopo- 
diacese  are  not  represented  in  these  islands. 
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THE  NEW  THEORY  OF  SOLUTIONS. 

( Continued  from  p.  26.) 

THE  well-known  equation  PV  =  RT  which  expresses 
in  the  case  of  a  gas  both  the  laws  of  Boyle  and 
Guy  Lussac  may  be  made  to  include  Avogadro’s  hypo¬ 
thesis.  As  Horstmann  first  pointed  out,  if  we  decide  that 
in  all  cases  our  unit  of  weight  shall  be  a  number  of  grams 
numerically  equal  to  the  molecular  weight  of  the  particular 
gas  with  which  we  are  dealing,  the  constant  R  will  then 
have  the  same  value  for  all  gases  which  conform  to  Avo¬ 
gadro’s  hypothesis,  for  under  the  same  conditions  of  tem¬ 
perature  and  pressure  the  volume  occupied  by  unit  weight 
will  be  the  same  for  all.  If  the  pressure  P  be  measured 
in  atmospheres  and  the  volume  V  in  litres,  and  if  T  be 
the  absolute  temperature,  the  volume  energy  of  a  gram- 
molecular  weight  of  an  ideal  gas  is  given  by — 

PV  =  ‘0819  T. 

The  direct  observations  on  osmotic  pressure  indicate  that 
precisely  the  same  expression  holds  for  a  dilute  aqueous 
solution  of  an  indifferent  substance  if  P  be  now  the  osmotic 
pressure,  and  V  the  volume  of  the  solution  which  contains  a 
gram-molecular  weight  of  dissolved  substance.1 

On  account  of  the  difficulties  besetting  the  experimental 
methods  and  from  the  fact  that  aqueous  solutions  alone  have 
at  present  been  investigated,  the  support  lent  by  direct  ob¬ 
servations  on  osmotic  pressure  to  the  validity  of  the  above 
expression  in  the  case  of  solutions  is  not  very  extensive. 

1  Pfeifer’s  results  expressing  the  relation  between  the  osmotic  pressure 
P'  measured  in  cm.  of  mercury,  the  ordinary  temperature  / ,  and  C  the  num¬ 
ber  of  grams  of  sugar  in  100  gr.  of  water  may  be  summarised  by — 

P'  =  49’27  C  (1  +  '00367/). 

On  assuming  the  densities  of  the  dilute  solutions  employed  to  be  the  same 
as  that  of  water  and  on  calculating  from  this  equation  the  pressure  P  in 
atmospheres  for  V  litres  of  solution  containing  a  gram-molecular  weight, 
/•<?.,  342  gr.  of  sugar  at  the  absolute  temperature  T,  we  obtain — 

P  =  49*27  x  342  T/760  V  x  273, 
which  is  PV  =  *0812  T. 
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Fortunately,  however,  several  important  indirect  methods 
may  be  employed  in  dealing  with  this  question.  The  mag¬ 
nitude  of  the  osmotic  pressure  may  be  connected  with  those 
of  other  properties  of  solutions,  properties  which  can  be 
readily  measured  for  solutions  in  different  solvents  and 
which  may  thus  be  employed  to  test  the  general  validity  of 
the  equation  PV  =  *0819  T.  Indeed,  in  the  process  of  ac¬ 
cumulating  this  indirect  testimony  the  new  theory  of  solu¬ 
tions  has  rendered  one  of  its  most  important  services.  For 
here  it  has  been  emphasised  that  the  properties  involved 
are  correlated  properties,  and  although  this  correlation  is  in 
no  way  dependent  upon  any  assumption  as  to  the  nature  of 
osmotic  pressure  or  the  state  of  dissolved  substances,  the 
application  of  the  conception  of  osmotic  pressure  must  be 
credited  with  giving  for  the  first  time  due  prominence  to 
this  interdependence,  the  recognition  of  which  goes  far  to 
generalise  the  laws  of  dilute  solutions. 

The  property  which  in  the  first  instance  may  be  con¬ 
veniently  investigated,  as  giving  indirect  support  to  the 
application  of  gaseous  laws  to  dilute  solutions,  is  vapour- 
pressure. 

VAPOUR-PRESSURE. 

It  can  be  readily  shown  theoretically  that  the  partial 
pressure  of  the  vapour  of  a  solvent  over  a  solution  must  be 
less  than  the  vapour-pressure  of  the  pure  solvent  at  the 
same  temperature.  Consequently,  if  the  dissolved  substance 
be  non-volatile,  the  vapour-pressure  of  the  solution  will  be 
less  than  that  of  the  pure  solvent.  This  conclusion  is  in 
harmony  with  the  well-known  facts  that  at  the  same  tempera¬ 
ture  the  vapour-pressure  of  a  solvent  is  lowered,  and  under 
the  same  external  pressure  the  boiling-point  of  a  solvent  is 
raised,  by  the  presence  of  a  non-volatile  dissolved  substance. 

Experimental  results. — The  investigation  of  the  vapour- 
pressures  of  indifferent  solutions  has  been  carried  out 
almost  entirely  by  F.  M.  Raoult,  who  in  1886  began  to 
communicate  observations  on  the  subject.  His  original 
measurements  were  made  by  means  of  Dalton  s  statical 
method,  but  eventually  a  dynamical  or  boiling-point 
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method  was  also  employed  in  estimating  the  vapour-pres¬ 
sures.  If,  at  any  temperature,  p  be  the  vapour-pressure  of 
the  solvent,  and  p'  be  the  vapour-pressure  of  the  solution  of 
a  non-volatile  dissolved  substance,  the  ratio  (p  -  p')!p,  which 
is  now  commonly  termed  the  relative  lowering  of  the  vapour- 
pressure,  was  found  to  obey  the  following  laws  : — 

Influence  of  temperature. — Within  the  limits  of  the  ex¬ 
perimental  errors  Raoult’s  results  were  in  agreement  with 
von  Babo  s  law.  This  law,  deduced  as  early  as  1847  from 
observations  on  aqueous  saline  solutions,  implies  that  the 
relative  lowering  of  the  vapour-pressure  is  the  same  at  all 
temperatures.  In  testing  this  conclusion  measurements  were 
made  upon  solutions  in  ether,  benzene,  alcohol,  and  acetic 
acid,  over  temperature  ranges  varying  between  20°  and  40°. 

Influence  of  concentration. — In  his  first  communication, 
which  dealt  with  solutions  containing  from  one  to  five  gram- 
molecules  of  substance  dissolved  in  5000  gr.  of  ether, 
Raoult  found  that  the  relative  lowering  was  almost  propor¬ 
tional  to  the  weight  of  substance  dissolved  in  a  constant 
weight  of  ether.  Hence,  expressing  the  concentration  in 
gram-molecular  weights,  if  n  gram-molecules  of  substance  be 
dissolved  in  N  gram-molecules  of  solvent,  we  have  that — 

(P  ~  P')!P  =  K  n/N, 

where  K  is  a  constant.  Wullner  s  law  (1856-60),  derived 
from  measurements  of  the  vapour-pressures  of  aqueous 
solutions  of  simple  and  mixed  salts,  and  which  implies  that 
the  relative  lowering  is  proportional  to  the  concentration, 
embodied  the  same  conclusion. 

Trustworthy  experiments  on  more  dilute  solutions  are 
difficult  to  make  on  account  of  the  large  value  of  the  ex¬ 
perimental  error,  and  in  subsequent  papers  Raoult  has,  in 
general,  dealt  with  solutions  which  are  more  concentrated 
than  those  usually  employed  in  ascertaining  the  laws  of 
ideal  solutions.  From  measurements  on  ethereal  solutions 
containing  17  to  70  gram-molecules  of  substance  in  100  of 
solution  he  was  led  to  express  the  effect  of  concentration  by — 

( p  —  P')ip  =K/»/(N  +  n)  ; 

the  relative  lowering  being  proportional  not  to  the  number 


408 


SCIENCE  PROGRESS. 


of  molecules  of  substance  in  a  constant  number  of  molecules 
of  solvent  (as  Wullner’s  law  requires),  but  in  a  constant  num¬ 
ber  of  molecules  of  solution.  The  value  of  K'  was  found  to 
vary  with  the  nature  of  the  solution  ;  in  the  case  of  six  solu¬ 
tions  in  ether,  benzene,  and  alcohol,  the  extreme  values  were 
*73  and  *97. 

For  more  dilute  solutions  containing  from  3  to  15  gram- 
molecules  per  100  of  solution  K'  in  all  cases  approximated 
to  the  value  1 ,  so  that  here  the  general  law  appeared  to  be — 

(P  ~P')!P  =  n/(N  +  n). 

For  the  most  dilute  of  the  above  solutions  and  for  still 
more  dilute  solutions  n/(N  +  n)  is  practically  the  same  as 
n/N.  Raoult’s  observations  may  therefore  be  taken  to 
indicate  that  for  the  most  dilute  solutions  (p  —  p')lp  —  nj N, 
or  that  Wullner’s  law  is  approximately  obeyed. 

Measurements  of  the  boiling-points  of  solutions  (vide 
infra),  where  smaller  concentrations  may  be  used,  lead  to  a 
similar  conclusion,  which,  on  employing  the  ordinary  method 
of  denoting  the  concentration,  may  be  expressed  by  stating 
that  \{g  grams  of  substance  be  dissolved  in  100  gr.  of  solvent 
then  (p  -  p')jpg  is  approximately  constant ;  in  general,  as  g 
increases  the  value  of  this  quantity  slowly  diminishes, 
although  in  some  cases  its  value  slowly  increases. 

Influence  of  the  chemical  nature  of  the  dissolved  substance. 
— The  most  interesting  result  arrived  at  by  Raoult  was  that 
dilute  solutions  in  the  same  solvent,  having  the  same  molec¬ 
ular  concentration,  have  the  same  vapour-pressure.  His 
numbers  showed  that  if  M'  be  the  molecular  weight  of  the 
dissolved  substance,  M'  (p  -  fl)  Ipg  =  C  was  a  constant. 
This  quantity  he  termed  the  molecular  lowering  of  the 
vapour-pressure  ;  it  is  evidently  the  lowering  which  would 
be  produced  by  the  dissolution  of  a  gram-molecular  weight 
of  substance  in  100  gr.  of  solvent  if  Wullner’s  law  were  valid 
for  such  a  strong  solution.  That  Wullner’s  observations  on 
aqueous  saline  solutions  gave  some  indication  that  the  mo¬ 
lecular  depression  was  approximately  constant  had  previously 
been  pointed  out  by  Ostwald  in  1884.  The  following  table 
contains  the  data  given  by  Raoult  to  demonstrate  the  con¬ 
stancy  of  the  molecular  lowering  in  the  case  of  ethereal 
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solutions.  The  concentrations  of  the  solutions  employed 
varied  between  1  and  5  gram-molecules  of  substance  per 
5000  gr.  of  ether. 


Dissolved  Substance. 

M\ 

c. 

Cyanamide  .... 

42 

74 

Cyanic  Acid  .... 

43 

70 

Aniline  ..... 

93 

7i 

Benzaldehyde  .... 

106 

72 

Benzoic  Acid  .... 

122 

71 

Capryl  Alcohol .... 

130 

73 

Turpentine  .... 

136 

7i 

Methyl  Salicylate 

!52 

7i 

Trichloracetic  Acid  . 

163-5 

71 

Antimony  Trichloride 

228‘5 

•67 

Hexachlorethane 

237 

71 

Mercury-ethyl  .... 

258 

•69 

Methyl  Azocuminate 

382 

•68 

The  average  value  of  C  is  71  and  the  mean  divergence  is 
only  *oi,  although  the  dissolved  substances  belong  to  families 
of  widely  different  chemical  character  and  have  molecular 
weights,  which  in  the  extreme  cases  are  in  the  ratio  of  1  to  9. 

Influence  of  the  chemical  nature  of  the  solvent. — Raoult 
further  found  empirically  that  if  M  be  the  molecular  weight 
of  the  solvent,  C,  the  molecular  lowering,  is  practically 
equal  to  M/100.  The  mean  values  of  C  obtained  from 
observations  on  different  substances  dissolved  in  twelve 
different  solvents  are  compared  in  the  following  table  with 
the  corresponding  values  of  M/100. 


Solvent. 

C. 

M/100. 

100  C/M~ A. 

Water  .... 

LD 

CO 

M 

•18 

I  '02 

Methyl  Alcohol . 

'33 

'32 

1-03 

Acetone  .... 

'59 

•58 

I'OI 

Amylene  .... 

74 

•70 

1*06 

Ether  .... 

71 

74 

•96 

Carbon  Bisulphide 

•80 

76 

1-05 

Benzene  .... 

'83 

78 

1  '06 

Ethyl  Bromide  . 

1*18 

1  ’09 

1  *09 

Chloroform 

!'3° 

I  ‘20 

1*09 

Phosphorus  Trichloride 

i'49 

I'38 

i‘o8 

Methyl  Iodide  . 

1  '49 

I ‘42 

1-05 

Carbon  Tetrachloride 

1  ‘62 

i'54 

1-05 

410 


SCIENCE  PROGRESS. 


In  the  last  column  are  given  the  values  of  ioo  C/M, 
which,  if  Raoult’s  conclusion  be  valid,  should  be  unity.  The 
mean  value  is  1*03,  the  average  divergence  being  *03.  The 
whole  of  the  foregoing  empirical  results  may  therefore  be 
expressed  by — 

{(P  -/)  IPg)  x  (100  M'/M)  =  A  (1) 

where  A  is  very  nearly  equal  to  unity  and  is  evidently  the 
diminution  of  the  vapour-pressure  produced  on  dissolving  1 
gram-molecule  of  substance  in  100  gram-molecules  of 
solvent.  Since  Wtillner’s  law  is  not  strictly  obeyed,  the 
values  of  A,  which  were  obtained  for  solutions  containing  4 
to  12  gram-molecules  of  substance  per  100  of  solution,  de¬ 
pend  to  some  extent  on  the  concentrations  of  the  particular 
solutions  employed.  For  more  dilute  solutions,  however, 
the  values  will  be  practically  the  same.1 

That  the  value  of  A  should  not  be  exactly  unity  but 
might  in  particular  cases  be  considerably  larger,  became 
evident  from  a  study  of  solutions  in  acetic  acid,  made  by 
Raoult  and  Recoura  in  1890.  For  these  solutions  A  had 
the  exceptional  value  of  1*63.  Now  acetic  acid  differs  from 
all  the  solvents  in  the  preceding  table  in  having  an  abnormal 
vapour-density,  and  at  the  temperature  at  which  the  vapour- 
pressure  observations  were  made,  d'  jd,  the  ratio  of  the 
actual  to  the  theoretical  vapour-density  is  1  '64  and  thus 
almost  identical  with  the  value  of  A.  It  was  therefore  con¬ 
cluded  that  A  =  d' jd,  and  a  reason  was  thus  furnished  for 
the  mean  value  of  A  already  given  being  slightly  greater 
than  unity,  because,  in  general,  the  densities  of  the 
saturated  vapours  of  the  solvents  used  are  slightly  larger 
than  the  theoretical  values.  The  following  table  (Raoult, 
1893)  gives  for  six  solvents,  at  the  temperature  t,  the  values 
of  A  as  obtained  from  the  vapour-pressures  of  dilute  solu- 

1  If  A  be  deduced  from  the  depression  produced  by  1  gram-molecule 
of  substance  per  100  of  solution  its  mean  value  A'  is  slightly  lower  than 
1-03,  viz.,  ‘98.  If,  however,  values  of  A'  be  determined  in  the  case  of 
each  dissolved  substance  for  concentrations  varying  between  3  and  15 
gram-molecules  per  100  of  solution,  and  the  values  of  A'  be  then  found  for 
an  extremely  dilute  solution  by  treating  A'  as  a  function  of  the  concentra¬ 
tion,  the  numbers  thus  obtained  for  A'  are  almost  the  same  as  those  above 
obtained  for  A. 
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tions,  and  those  of  d'/d  as  derived  from  direct  observations 
of  vapour-density. 


Solvent. 

t. 

A. 

d'Jd. 

Water  .... 

100 

I  ’02 

I’o  3 

Ethyl  Alcohol 

78 

1*01 

I  '02 

Ether  .... 

20 

I '04 

I '04 

Carbon  Bisulphide . 

24 

'99 

I'OI 

Benzene 

80 

I  'OI 

1*02 

Acetic  Acid  . 

118 

063 

I '64 

The  accord  between  the  two  series  of  numbers  leaves 
little  doubt  that  A  =  d'/d. 

ueneral  conclusions. — The  whole  of  Raoult’s  results  may 
therefore  be  represented  by — 

\{P  —  P')/Pir}  x  (io°  M'/M)  =  d' /d  (2). 

If  n  be  the  number  of  gram-molecules  of  substance  dis¬ 
solved  in  N  gram -molecules  of  solvent,  n=gi  M'  and 
N  =  1 00/M  (clr jd)  where  M  x  d' /d  is  the  average  molecular 
weight  of  the  solvent  as  calculated  from  its  vapour-density 
at  the  temperature  of  the  experiment.  We  may  therefore 
write  (2)  as — 

(P~P')lP  =  nl N  (3) 

and  arrive  at  the  remarkably  simple  empirical  result  that  the 
relative  lowering  of  the  vapour-pressure  is  equal  to  the 
ratio  of  the  number  of  gram-molecules  of  dissolved  sub¬ 
stance  to  the  number  of  gram-molecules  of  solvent  present 
in  the  solution.  It  is  well  to  note  that  (3)  can  only  hold  for 
dilute  solutions  as  it  leads  to  the  erroneous  conclusion  that 
when  the  solution  is  so  strong  that  n  —  N,  the  vapour-pres¬ 
sure  of  the  solution  is  nil.  For  concentrated  solutions,  as 
has  already  been  stated,  the  equation — 

(/  ~ P')!P  =  ^/(N  +  n) 

has  to  be  employed  to  express  the  facts. 

Vapour-pressure  and  the  gaseous  laws.— If  two  solutions 
in  the  same  solvent  have  at  the  same  temperature  the  same 
osmotic  pressure  they  must  have  the  same  vapour-pressure. 
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Let  two  solutions  A  and  B  (fig.  i)  be  introduced  into  a 

hollow  ring-shaped  vessel  and  let 
them  be  separated  by  a  semi-perme¬ 
able  membrane  MM.  If  the  solutions 
are  isotonic,  at  the  outset  there  will 
be  no  change  in  their  concentrations 
due  to  passage  of  solvent  through 
MM.  If,  however,  the  vapour-pres¬ 
sure  of  A  be  supposed  greater  than 
that  of  B,  solvent  will  pass  from  A  to 
B  by  evaporation,  and  to  restore  the 
osmotic  equilibrium  solvent  will  have  to  pass  from  B  to  A 
through  MM.  A  continuous  isothermal  circulation  of  solvent 
would  thus  proceed  automatically  at  the  expense  of  the  heat 
of  surrounding  objects  and  a  result  would  thus  be  obtained 
which  is  opposed  to  the  second  law  of  thermodynamics.  In 
this  way  it  may  be  shown  that  the  vapour-pressures  of 
isotonic  solutions  must  be  equal. 

Now  Raoult’s  empirical  results  have  proved  that  solutions 
having  the  same  vapour-pressure  have  the  same  molecular 
concentration.  These  results  furnish,  therefore,  another 
means  of  showing  that  Avogadro’s  hypothesis  is  applicable 

to  solutions,  that,  in  fact,  solu¬ 
tions  of  the  same  molecular 
concentration  have  the  same 
osmotic  pressure. 

Indeed,  the  following  simple 
discussion,  basedupon  considera¬ 
tions  due  mainly  to  Arrhenius, 
serves  to  prove  that  Raoult’s  re¬ 
sults  taken  collectively  constitute 
an  indirect  demonstration  of  the 
general  validity  of  the  equation 
PV  =  *0819  T  as  applied  to 
dilute  solutions. 

Let  a  quantity  of  solvent  S 
be  placed  in  an  evacuated  enclosure  A  BCD  (fig.  2)  kept  at 
constant  temperature  T,  and  let  an  upright  vessel,  the  base 
of  which  is  a  semi-permeable  partition  MM,  dip  into  the  sol- 
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vent,  and  let  the  vessel  contain  a  quantity  of  a  solution  of 
a  non-volatile  indifferent  substance.  When  equilibrium  is 
established  between  solvent  and  solution  the  level  of  the  latter 
AB  will  be  at  a  definite  height  H  above  CD  the  level  of  the 
solvent,  and  if  p  be  the  density  of  the  solution  its  osmotic 
pressure  P  will  be  H p.  Now,  in  order  that  this  condition 
of  equilibrium  may  remain  undisturbed,  the  solution  must 
neither  gain  nor  lose  liquid  by  evaporation,  that  is,  the 
vapour-pressure  of  the  solution  at  the  level  AB  must  be 
equal  to  the  pressure  exerted  by  the  vapour  of  the  solvent 
at  the  same  level.  If  this  were  not  the  case  it  could  be 
shown  in  the  manner  already  indicated  that  a  continuous 
isothermal  circulation  of  solvent  would  ensue.  But  if  /  be 
the  vapour-pressure  of  the  pure  solvent  or  the  pressure  of 
the  vapour  at  the  level  AB,  the  pressure/'  at  the  level  CD 
and  thus  the  pressure  of  the  solution  will  be  less  than  /  by 
the  pressure  exerted  by  a  head  of  vapour  equal  to  H.  Con¬ 
sequently  if  d  be  the  density  of  the  vapour,  /  —  /'  =  H d,  and 
since  P  =  H p  we  have — 

P/(/-/)=pM  (4)- 

We  may  now  express  d  in  terms  of  M  the  molecular  weight 
of  the  solvent.  The  mean  pressure  of  the  vapour  lies,  of 
course,  between  /  and  /';  since,  however,  the  solutions  are 
dilute  and  /  and  /'  differ  but  slightly,  we  may  take  /  to 
be  the  pressure  of  the  vapour.  If  further  the  vapour  be 
assumed  to  behave  as  a  perfect  gas,  pv  —  '0819  T  where  v 
is  the  volume  in  litres  occupied  by  M  gr.  of  vapour.  Thus 
d  =  M jv  =  M//*o8i9  T  and  therefore — 

P  =  (-0819  pT/M)  x  -[(/  - /')//}-. 

Now  Raoult  has  shown  that  (/  —/')//  =  n/ N,  hence — 

P  =  -0819  npT/ NM  (5). 

Here  NM  is  the  weight  in  grams  of  the  amount  of  solvent 
which  contains  n  gram-molecules  of  dissolved  substance. 
If  we  neglect  the  weight  of  the  dissolved  substance  and  if 
we  assume  that  the  density  of  the  solvent  is  the  same  as 
that  of  the  solution,1  the  volume  V  of  solution  which  con- 

1  Since  the  litre  is  employed  as  the  unit  of  volume,  p  will  not  be  the 
ordinary  density  of  the  solution,  i.e.,  the  weight  of  1  c.c.,  but  the  weight 
of  1  litre. 
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tains  one  gram-molecule  of  dissolved  substance  is  NM /np. 
On  introducing  V  into  (5)  we  obtain — 

PV  =  *0819  T. 

Raoult’s  results,  therefore,  lead  to  the  conclusion  that  in 
dilute  solution  dissolved  substances  obey  gaseous  laws. 
Equations  (4)  and  (5)  make  it  possible  to  calculate  the 
values  of  the  osmotic  pressure  from  vapour-pressure 
observations,  and  the  entire  discussion  makes  it  evident 
that  vapour-pressure  observations  support  the  idea  which 
has  not  yet  been  confirmed  by  direct  experiment  that 
osmotic  pressure  is  independent  of  the  nature  of  the 
solvent. 

Equation  (5)  can  only  apply  to  very  dilute  solutions,  as 
it  involves  the  assumption  that  p  and  f>  differ  by  so  little 
that  the  density  of  the  vapour  may  be  taken  to  correspond 
with  the  pressure  p.  If  we  avoid  this  assumption  by  taking 
note  of  the  actual  fall  of  pressure  on  passing  from  CD  to 
AB,  the  vapour  being  assumed  to  obey  gaseous  laws,  we 
obtain — 

P  =  (-0819  pT/M)  x  (log,  p/p')  (6). 

It  is  interesting  to  note  that  if  we  substitute  for  P  the  cor¬ 
responding  gaseous  pressure  this  equation  may  be  reduced, 
as  Ostwald  has  shown,  to — 

(p  - p')/p  =  n/(N  +  n)} 

or  the  expression  derived  empirically  by  Raoult  for  strong 
solutions  and  which  is  therefore  in  harmony  with  theoretical 
considerations. 

As  has  been  mentioned  the  relationship  between  vapour- 
pressure  and  osmotic  pressure  was  first  established  by 
van’t  Hoff  in  1886.  His  mode  of  treatment  consists 
essentially  in  equating  the  amount  of  work  required  to 
remove  a  definite  amount  of  solvent  from  a  solution  by 
causing  it  to  pass  through  a  semi-permeable  wall  to  amount 
required  to  remove  the  same  quantity  by  evaporation  at  the 
same  temperature.  By  this  method  van  t  Hoff  and  Gouy 
and  Chaperon  (1888)  have  arrived  at  relationships  which 
are  essentially  the  same  as  those  given  above. 
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BOILING-POINT. 

If  KL  be  a  portion  of  the  vapour-pressure  curve  of  a 
solvent,  and  MN  be  a 
portion  of  the  curve  for 
solution  of  a  non-volatile 
substance,  at  the  tem¬ 
perature  /,  ac  is  equal  to 
p  —  p\  the  diminution  in 
the  vapour-pressure  of 
the  solvent  brought  about 
by  the  presence  of  the 
dissolved  substance  ;  and 
at  the  pressure  ab  is 
equal  to  t'  -  t  or  AT,  the 
corresponding  rise  in  the 
boiling-point  of  the  sol¬ 
vent.  If  AT  be  obtained 
ments  may  be  utilised  in  two  ways.  If  the  vapour-pressure 
curve  of  the  solvent  be  known  we  may  read  off  the  change 
p  -  p>  in  the  vapour-pressure  p ,  which  corresponds  with 
the  temperature  difference  AT,  and  the  value  of  (p  -  p')/p 
may  then  be  used  in  the  vapour-pressure  formulae  already 
considered.  On  the  other  hand,  the  following  treatment 
due  to  Arrhenius  (1889)  shows  how  the  values  of  AT  itself 
may  be  employed  as  a  convenient  means  of  investigating 
the  vapour-pressure  laws  of  dilute  solutions. 

If  AT  be  small,  that  is,  if  the  solution  be  dilute,  the  two 
curves  KL  and  MN  (fig.  3)  may  be  taken  to  be  straight 
and  parallel,  hence  we  may  assume  that  p  —  p'  =  AT  tan 
adc  =  AT  dpjdt  where  dp\dt  is  the  rate  of  change  of  the 
vapour-pressure  of  the  solvent  at  its  boiling-point,  t,  and  thus 
a  constant.  On  introducing  the  above  value  of  p  -  pi  into 
Raoult’s  empirical  vapour-pressure  equation  (1)  we  obtain — 

M'AT/^f  =  ApM/ioo(dp/dt)  (7). 

b  rom  the  ordinary  thermodynamical  relationship  expressing 
the  heat  of  vaporisation  of  a  liquid  in  terms  of  the  volume, 
pressure,  and  temperature  of  the  vapour  to  which  it  gives 
nse,  on  neglecting  the  volume  of  the  liquid  which  is  small 
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as  compared  with  that  of  the  vapour,  and  on  assuming  the 
vapour  to  obey  gaseous  laws,  it  follows  that — 

dp/dt  =  MX//2T2  (8) 

where  X  is  the  heat  of  vaporisation  in  calories  of  1  gram  of 
solvent  at  T,  its  boiling-point  on  the  absolute  scale.  Sub¬ 
stituting  for  dpjdt  in  (7)  on  putting  A  =  1  we  obtain — 

M'  AT !g  =  -02T2/X  (9). 

M'AT  jg  is  the  molecular  rise  in  the  boiling-point,  or  the  rise 
which  would  be  produced  on  dissolving  a  gram-molecule  of 
substance  in  100  gr.  of  solvent  if  AT  remained  proportional 
to  g,  i.e.,  to  the  concentration.  The  equation  indicates  that 
the  molecular  rise  should  be  the  same  for  all  dissolved 
substances  and  should  depend  solely  upon  the  physical  con¬ 
stants  of  the  solvent. 

The  following  examples  taken  from  the  extensive  obser¬ 
vations  of  Beckmann  serve  to  illustrate  the  degree  of  ap¬ 
proximation  with  which  these  deductions  correspond  with 
the  results  of  experiment. 


SOLUTIONS  IN  BENZENE. 


Anthracene  M'  =  i 

78. 

Benzoic  Anhydride  M 

'  =  226. 

g- 

AT. 

W  AT /g. 

g- 

AT. 

M ;  AT  jg. 

2  6‘2 

26*9 

1.20 

*175 

26*0 

I  ’2  2 

■139 

25-8 

2  ‘42 

•342 

25-2 

2-44 

•275 

2  5 '4 

2*82 

•408 

25-8 

4T1 

*5I7 

23*8 

478 

•658 

24'5 

9'93 

•957 

21*8 

SOLUTIONS  IN  ALCOHOL. 


Urea  M'  =  6o. 

Salicylic  Acid  M'  = 

138- 

<r 

&  * 

AT. 

M'at /g. 

or 

• 

AT. 

M'  AT  jg. 

11 ‘3 

ir5 

1-32 

•245 

in 

i'37 

*122 

12-3 

2-44 

H35 

107 

276 

•229 

ii'5 

2-63 

•478 

io'9 

5'29 

'434 

n'3 

2-64 

•478 

io’9 

8-91 

•722 

I  I‘2 

17-29 

1 '394 

in 
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Influence  of  concentration. — If  AT  were  strictly  propor¬ 
tional  to  g  the  values  of  NYNTjg  in  any  vertical  column 
would  be  the  same.  For  the  alcoholic  solutions  this  is 
practically  the  case,  even  up  to  a  concentration  of  over  17 
per  cent,  for  the  solutions  of  salicylic  acid.  In  general, 
however,  as  is  illustrated  by  the  solutions  in  benzene,  AT 
does  not  increase  as  rapidly  as  the  concentration,  hence  the 
molecular  rise  diminishes  as  the  concentration  increases. 
For  a  few  solutions  like  those  of  camphor  and  naphthalene 
in  chloroform  the  reverse  state  of  things  is  exhibited,  the 
molecular  rise  increasing  as  the  concentration  increases. 
These  results  support  the  conclusion  already  stated  regard¬ 
ing  the  validity  of  Wtillner’s  law  as  applied  to  dilute 
solutions. 

Influence  of  the  chemical  nature  of  the  dissolved  sub¬ 
stance. — Since  the  values  of  the  molecular  rise,  for  the  same 
dissolved  substance,  vary  to  some  extent  with  the  concen¬ 
tration,  in  order  to  most  satisfactorily  compare  the  values 
given  by  different  dissolved  substances,  the  effect  of  change 
of  concentration  must  be  allowed  for.  This  is  usually  done 
by  finding  the  probable  value  of  NY  NT  jg  for  an  extremely 
dilute  solution,  for  according  as  the  solution  is  more  dilute 
the  more  closely  it  may  be  expected  to  conform  to  the  ideal 
laws.  A  convenient  method  consists  in  plotting  a  curve 
with  the  observed  values  of  M'AT lg  as  ordinates  and  either 
the  values  of  AT  or  g  as  abcissse.  On  extrapolating  and 
finding  the  ordinate  corresponding  with  AT  or  g  =  o  the 
probable  value  is  obtained  for  the  molecular  rise  in  an 
extremely  dilute  solution.  The  numbers  given  at  the  top  of 
each  of  the  columns  headed  NY  NT  jg  in  the  preceding  tables 
are  the  values  thus  deduced.  With  benzene  as  solvent, 
although  the  molecular  weights  of  the  two  dissolved  sub¬ 
stances  differ  considerably  and  the  variation  in  AT  jg  is  com¬ 
paratively  speaking  large,  these  values  for  the  molecular 
rise,  viz.,  26*2  and  26*9,  closely  agree.  The  values  given 
by  the  two  alcoholic  solutions,  viz.,  11*3  and  11*5,  are 
also  in  satisfactory  agreement.  Unless  in  the  case  of  a 
particular  class  of  substances  dissolved  in  certain  solvents — 
associated  solutions — to  be  discussed  at  a  later  stage,  the 
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entire  work  in  this  part  of  the  subject  indicates  that  at 
extreme  dilution  the  molecular  rise  for  an  indifferent  solu¬ 
tion  depends  only  on  the  nature  of  the  solvent. 

Influence  of  the  chemical  nature  of  the  solvent . — Accord¬ 
ing  to  equation  (9)  the  molecular  rise  should  be  equal  to 
•02T7A.  Using  Schiff’s  value  for  A,  viz.,  93*4  cal.  and  T  = 
273  +  8o'3,  the  theoretical  value  of  the  molecular  rise  for 
benzene  is  267,  which  is  not  far  removed  from  those  given 
above.  For  alcohol,  using  Regnault  s  value,  214*9  cal.  f°r 
A  and  273  +  78*3  for  T,  the  value  of  *02T,2/A  is  1 1  *5, 
which  again  closely  agrees  with  the  numbers  obtained  from 
the  rise  in  the  boiling-point.  The  following  table  contains 
the  mean  values  to  the  nearest  degree  of  M'AT/+  at  extreme 
dilution  as  deduced  by  Beckmann  (1890)  from  observations 
on  different  dissolved  substances  in  the  solvents  named, 
and  also  the  corresponding  values  of  *02T2/A  as  calculated 
from  the  absolute  boiling-point  and  heat  of  vaporisation. 


Solvent. 

M'aT  /g. 

•02T2/A. 

Water  .... 

4-5 

5'2 

Alcohol  .  .  • 

10-1 2 

11 ’5 

Acetone  .... 

17-18 

167 

Ether  .... 

21-22 

2 1  ■  1 

Carbon  Bisulphide 

22-24 

237 

Acetic  Acid 

25 

25'3 

Ethyl  Acetate  . 

25-26 

26'0 

Benzene  .... 

25-27 

26.7 

Chloroform 

35-36 

36-6 

The  agreement  between  the  two  sets  of  numbers  is  a 

o 

satisfactory  proof  of  the  validity  of  the  expression — 

M'AT/g  =  *02  P2/A. 


Boiling-point  and  gaseous  laws. — This  equation  corre¬ 
sponds,  therefore,  with  the  results  of  experiment,  and  like 
Raoult’s  vapour-pressure  relationship  which  was  employed 
in  its  theoretical  deduction,  it  furnishes  an  indirect  proof 
that  gaseous  laws  are  applicable  to  dilute  solutions. 

If  p  be  the  vapour-pressure  of  the  pure  solvent  at  its 
absolute  boiling-point  T,  and  f>  the  vapour-pressure  of 
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the  solution  at  its  absolute  boiling-point  Tv  by  the  method 
which  is  employed  in  deducing  (8)  it  may  be  shown  that 
\°gcft!p'  =  MX  AT/2TT!  (10).  Here  it  is  assumed  since 
AT  is  small  that  X  is  the  same  at  T  as  at  Tx.  AT  is 
thus  connected  with  the  vapour-pressures  of  the  solvent  and 
solution.  Now,  equation  (6)  can  give  us  at  T1  the  relation 
between  vapour-pressure  and  osmotic  pressure,  hence  from 
(10)  and  (6)  we  have — 

P  =  *0819  ^X AT/2 T  (11). 

It  is  thus  possible  to  calculate  the  osmotic  pressure  of  a 
solution  from  the  rise  in  the  boiling-point.  If  we  next  intro¬ 
duce  into  ( 1 1 )  the  value  of  X  derived  from  M'AT /g  = 

•02  T 2/X  we  have — 

/ 

P  =  *0819  T pgj  1 00  M'  (12). 

If  V  be  the  volume  of  solution  containing  M'  grams  of  dis¬ 
solved  substance  V  =  100  M'/| og,  the  densities  of  solvent 
and  solution  being  supposed  to  be  the  same,  and  the  weight 
of  the  dissolved  substance  being  neglected.  Consequently 
(12)  reduces  to — 

PV  =  '0819  T. 

Observations  on  boiling-point  like  the  direct  observations 
on  vapour-pressure  lead,  therefore,  to  the  result  that  osmotic 
pressure  obeys  gaseous  laws  and  is  independent  of  the 
nature  of  the  solvent. 

J.  W.  Rodger. 


[To  be  continued. ) 


ITALIAN  ANTHROPOMETRY. 


DR.  RIDOLFO  LI VI  still  carries  on  the  work  of 
utilising  the  Italian  military  statistics  for  anthropo¬ 
logical  purposes.  His  investigation  of  the  cephalic  index,1 
a  few  years  ago,  resulted  in  the  partial  confirmation  of  the 
previous  work  of  Calori  and  Lombroso.  Livi  showed  that 
the  proportion  of  breadth  to  length  of  head  in  the  living 
man  gradually  decreased  from  the  north  to  the  south  of 
Italy,  being  about  eighty-eight  in  the  province  of  Ivrea 
(Piedmont)  and  seventy-seven  in  those  of  Cosenza  (Calabria) 
and  Sassari  (Sardinia),  the  most  conspicuous  exception  to 
the  rule  being  the  comparative  longheadedness  of  the  people 
of  Lucca  and  Liguria. 

Already  in  1884  Dr.  Livi  had  published  the  results  of 
an  investigation  of  the  comparative  stature  of  Italian  con¬ 
scripts  from  the  several  provinces,  the  most  notable  conclu¬ 
sion  being  that  the  mean  stature  was  highest  in  Venetia  and 
lowest  in  Sardinia  and  Calabria.2  In  his  latest  publication3 
he  has  followed  the  same  line  of  inquiry,  but  with  a  much 
broader  basis  and  with  much  more  minuteness  of  detail. 
He  has  also  brought  into  comparison  with  the  variations  of 
stature  in  the  conscripts  those  of  the  complexional  char¬ 
acters,  the  colours  of  the  hair  and  eyes. 

On  the  first  glance  at  his  elaborate  maps,  one  is  disposed 
to  conclude  that  high  stature,  breadth  of  head,  and  blond 
complexion  go  together  in  Italy,  and  that  they  abound  in 
the  north,  while  the  opposite  characters,  low  stature,  long 
and  narrow  head,  and  dark  hair  and  eyes,  greatly  predomi¬ 
nate  in  the  south.  A  more  careful  examination  somewhat 
qualifies  this  impression,  and  shows  us  that  the  case  is  not 
quite  so  simple  as  one  might  have  supposed.  Thus  Sicily, 
the  most  southern  province,  stands  above  Calabria  and 

1  U indice  cefalico  degli  Itaham.  Firenze,  1886. 

2  Sulla  statura  degli  Itaham ,  studio  statistico ,  antropologico.  Firenze, 
1884* 

3  Saggio  dei  risultati  antropometrici  ottenuti  I alio  spoglio  del  fogli  sant- 
tarii  delle  classi,  1859-1863.  Voghera.  Roma,  1894. 
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Sardinia  in  breadth  of  head  as  well  as  in  stature  and  in 
blond  coloration.  And  Liguria,  which,  in  accordance 
with  its  geographical  position,  stands  third  in  order  of 
stature  and  fourth  in  that  of  colour,  is  tenth  among  the 
provinces  in  the  scale  of  brachycephaly.  It  may  be  as 
well  to  give  the  complete  scale,  though  as  regards  the 
cephalic  index  it  cannot  be  relied  on  so  confidently  as  in 
its  other  departments,  as  the  number  of  heads  measured,, 
though  actually  very  large,  was  relatively  small  : — 


ORDER  OF  THE  PROVINCES  IN  RELATIVE 


A.  Breadth  of  Head. 

B.  Stature. 

C.  Blond  Comple 

i.  Piedmont 

Venetia 

Venetia 

2.  Emilia 

Tuscany 

Piedmont 

3.  Venetia 

Liguria 

Lombardy 

4.  Lombardy 

Lombardy 

Liguria 

5.  Umbria 

Emilia 

Tuscany 

6.  Marches 

Piedmont 

Umbria 

7.  Tuscany 

Latium 

Marches 

8.  Abruzzi 

Umbria 

Emilia 

9.  Campania 

Marches 

Abruzzi 

10.  Liguria 

Sicily 

Latium 

11.  Latium 

Apulia 

Campania 

12.  Basilicata 

Campania 

Apulia 

13.  Apulia 

Abruzzi 

Basilicata 

14.  Sicily 

Calabria 

Sicily 

15.  Calabria 

Basilicata 

Calabria 

16.  Sardinia 

Sardinia 

Sardinia 

It  is  evidently  necessary  to  go  more  into  details.  When 
we  do  so,  we  find  that  the  district  of  Aosta,  among  the 
Alps,  is  the  one  in  which  the  cephalic  index  attains  its 
maximum  (89).  It  is  also  one  of  the  only  two  in  the  king¬ 
dom  in  which  blond  hair  is  more  frequent  than  black,  the 
other  being  Domo  d’Ossola,  which  is  thought  to  have  been 
extensively  Germanised.  In  stature,  however,  Aosta  scarcely 
attains  the  average  of  Piedmont ;  in  fact,  owing  probably 
to  the  frequency  of  goitrous  degeneration,  it  furnishes  a 
large  number  of  undersized  men. 

Castelnuovo  di  Garfagnana  (a  sub-district  of  Massa,  in 

the  Apennines),  furnishes  a  striking  contrast.  It  stands 

first  among  the  districts  of  Italy  in  order  of  stature  (1662 

mm.),  but  is  very  near  the  bottom  of  the  scale  of  brachy- 

29 
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cephaly  (78*8),  while  as  regards  complexion  it  does  not 
deviate  much  from  the  average.  Conterminous  with  it  is 
the  district  of  Lucca,  second  in  order  of  stature,  low  in  the 
scale  of  brachycephaly  (7 9*8),  and  in  colour  darker  than  its 
neighbours.  Udine,  Vicenza,  Chiavari,  all  very  high  in 
stature,  all  inclining  to  be  blond,  are  diverse  in  headbreadth ; 
in  the  two  former  the  heads  are  broad,  in  the  latter  only  mode¬ 
rately  so.  Pontremoli,  Gallarate  (Milan),  Varese,  Borgotaro 
(south  of  Parma),  Guastalla,  Pistoja,  Perugia,  CivitaVecchia, 
and  the  neighbourhood  of  Benevento  (the  ancient  Samnium) 
are  rather  fair  in  comparison  to  their  neighbours.  And, 
generally  speaking,  the  frontiers  where  Italy  is  in  contact 
with  the  French,  the  Swiss,  the  Slavs,  furnish  the  largest 
proportion  of  blonds.  The  lowest  proportion  is  found  in  the 
•district  of  Lanusei,  Sardinia,  in  company  with  the  lowest 
mean  stature. 

On  the  whole,  ethnological  history,  or  ethnic  movements 
prior  to  history,  furnish  the  only  adequate  explanation  of 
these  eccentricities.  Not  that  there  are  simply  two  races, 
one  in  the  north,  tall,  brachycephalic  and  comparatively 
blond,  and  one  in  the  south  and  the  islands,  short,  long¬ 
headed  and  very  dark  ;  but  that  a  type,  the  one  we  usually 
■call  the  Mediterranean,  and  having  these  latter  character¬ 
istics,  does  really  predominate  in  the  south,  and  exists  in  a 
state  of  comparative  purity  in  Sardinia  and  Calabria,  while 
in  the  north  the  broad-headed  Alpine  type  is  powerful,  but 
is  almost  everywhere  more  or  less  modified  by  or  inter¬ 
spersed  with  other  types,  Germanic,  Slavic,  or  of  doubtful 
origin,  to  which  the  variations  of  stature  and  complexion 
may  probably  be,  in  part  at  least,  attributed.  In  Sicily, 
Greek,  Carthaginian  and  Saracenic  settlements  and  inva¬ 
sions  have  doubtless  had  considerable  modifying  influence. 

Dr.  Livi  has,  however,  done  much  in  the  way  of  in¬ 
vestigation  of  the  effects  of  media  and  surroundings  on 
physical  type. 

He  finds  that  the  stature  varies,  on  the  whole,  inversely 
with  the  elevation  of  the  country,  and  this  is  the  case  when 
one  divides  the  several  districts  into  four  categories,  one  at 
less  than  50  metres  above  the  sea,  one  at  from  50  to  200 
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metres,  one  at  from  200  to  400,  and  one  at  upwards  of  400 
metres.  At  much  higher  elevations  (over  900  metres)  the 
case  is  not  so  clear  ;  but  the  number  of  recruits  comino-  from 
these  very  lofty  tracts  is  perhaps  insufficient.  It  is,  how¬ 
ever,  somewhat  disappointing  to  find  that  these  variations 
depend  not  purely  on  the  elevation,  but  partly  on  the  geo¬ 
graphical  position  of  the  districts,  t.e.,  that  the  low-lying 
districts  are  in  very  large  proportion  situated  in  the  high- 
statured  areas  of  the  north,  the  mountainous  ones  in  the 
short-statured  areas  of  the  south  and  of  the  islands,  or,  in 
other  words,  that  at  the  different  levels  we  are  to  a  large 
extent  dealing  with  different  races.  Thus,  Venetia,  where 
the  stature  is  highest,  has  only  5  per  cent,  of  its  population 
in  districts  whose  chief  towns  are  more  than  400  metres 
above  the  sea-level ;  while  Basilicata,  the  ancient  Lucania, 
has  86  per  cent.,  the  Abruzzi  65,  Umbria  64,  Sicily  43  and 
Sardinia  32  per  cent.  When  the  rule  is  tested  by  its  appli¬ 
cation  to  the  sixteen  provinces  separately,  we  find  that  only 
ten  of  these  conform  to  it,  one  (Piedmont)  being  neutral, 
and  five  following  the  opposite  rule.  These  five  are 
Venetia,  where,  as  has  been  stated,  almost  the  whole  of 
the  population  dwells  on  a  low  level,  and  Basilicata,  Umbria, 
Abruzzi,  where  the  majority,  and  Sardinia,  where  a  third,  of 
the  inhabitants  are  above  the  400  metre  line.  If  Dr.  Livi’s 
opinion  be  correct,  that  the  low  stature  of  the  mountaineers 
is  due  to  poverty  and  insufficient  food,  these  exceptions  to 
the  rule  might  probably  be  accounted  for  with  the  help  of  a 
better  knowledge  of  the  local  social  and  sanitary  conditions. 

With  a  view  to  testing  his  opinion,  Dr.  Livi  has  further 
ascertained  the  differences  in  stature  between  the  students 
and  upper  class  conscripts  and  the  peasants,  in  the  districts 
of  the  sixty-nine  chief  towns.  The  result  is  pretty  much  as 
might  have  been  expected.  In  sixty-eight  of  these  districts 
there  is  a  larger  proportion  of  tall  students  (over  1 700  mms. 
or  about  67  inches)  than  of  tall  peasants  ;  and  in  sixty-three 
there  is  a  larger  proportion  of  short  peasants  (under  1600 
mms.  or  63  inches)  than  of  short  students.  The  mean 
stature  of  these  two  classes  is  not  given,  so  that  it  is  not 
possible  to  ascertain  the  average  difference  between  them, 
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but  while  in  eight  cases  the  students  attain  a  mean  of  67 
inches  or  more,  there  are  forty-two  out  of  the  whole  number 
of  districts  (which  is  206)  in  which  the  mean  stature  of  the 
entire  male  population  (including  all  the  rejected),  at  twenty 
years  of  age,  does  not  exceed  1600  mms.  or  63  inches. 
The  whole  of  these  forty-two  are  situated  either  in  the 
island  of  Sardinia  or  within  the  limits  of  the  old  kingdom 
of  Naples,  and  nowhere  else  in  Europe,  so  far  as  we  know, 
can  such  a  mass  of  undersized  people  be  met  with.  The 
average  for  the  entire  kingdom  is  1624  mms.  or  about  64 
inches.  This  is  much  below  that  of  most  parts  of  Northern 
and  Central  Europe,  though  perhaps  equal  to  that  of  Poland 
and  of  Central  Hungary.  And  it  is  considerably  below  that 
of  the  conterminous  countries,  France,  Switzerland,  Austria 
and  the  Hungarian  Littoral,  though  not  below  that  of  every 
French  department  or  of  every  Swiss  canton. 

An  interesting  and  extensive  investigation  of  the  cir¬ 
cumference  of  the  chest  has  the  following  results  : — 

1.  The  absolute  chest-measure  increases  directly  with 
the  stature,  but 

2.  The  relative  magnitude  increases  inversely  as  the 
stature. 

3.  In  the  kingdom  taken  as  a  whole,  and  in  twelve  of 
the  sixteen  provinces,  the  chest-measure  is  a  little  larger  in 
the  mountaineers  than  in  the  inhabitants  of  the  plains,  for 
equal  statures. 

4.  The  chest-measure  is,  not  only  absolutely,  but  appar¬ 
ently  also  in  relation  to  the  stature,  comparatively  small  in 
the  extreme  south  and  in  the  islands  ; 

5.  And  comparatively  large  in  Lombardy,  Liguria, 
Emilia,  Umbria,  Latium  and  Apulia. 

The  larger  chest-circumference  of  the  mountaineers  may 
be  due,  as  Livi  supposes,  partly  to  the  greater  rarefaction  of 
the  air  at  high  levels,  but  partly  to  the  facts  that  the  moun¬ 
taineers  are  mostly  agricultural  or  pastoral  by  occupation, 
and  that  there  are  few  considerable  towns  situated  at  a  high 
level.  As  for  its  relation  to  racial  differences,  it  is  generally 
believed,  as  much  perhaps  from  common  observation  as 
from  the  more  definite  authority  of  Collignon  and  Houze, 
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that  the  brachycephalic  Alpine  race  (the  Keltic  of  Broca) 
is  proportionally  larger-chested  than  the  northern  dolicho- 
cephals  ;  and  from  the  facts  just  now  detailed,  one  might  feel 
disposed  to  say  that  it  was  equally  superior  in  this  respect 
to  the  southern  or  Mediterranean  dolichocephals.  There 
are,  however,  unexplained  anomalies,  such  as  the  superiority 
of  Apulia  to  Piedmont,  which  must  prevent  our  asserting 
this  positively. 

As  for  the  local  distribution  of  blonds  and  brunets,  it 
would  seem  that  there  is  no  very  material  difference  at  the 
several  elevations  tested.  If  there  be  any,  it  consists  in 
this,  that  light  eyes  and  hair  are  a  little  more  frequent 
between  the  levels  of  50  and  400  metres,  and  a  little  less  so 
in  the  mountains,  and  in  the  plains  near  the  level  of  the  sea. 
Unfortunately,  in  this  case  as  in  that  of  stature,  the  value 
of  the  result  is  somewhat  impaired  by  the  fact  that  the 
several  provinces  vary  so  widely  in  their  partition  between 
the  different  levels.  Dr.  Livi  affords  us  some  material 
for  a  comparison  of  the  high  and  low  levels  of  the  several 
provinces  respectively.  Examining,  however,  his  beautiful 
maps  with  what  light  one  has  on  the  hypsometry  of  the 
country,  one  cannot  help  having  a  suspicion  that  elevation, 
acting  through  natural  selection,  may  have  something 
to  do  with  the  greater  prevalence  of  xanthosity  in  the 
following  cases  : — 

1.  Vicenza,  the  most  blond  district  of  the  Venetian  pro¬ 
vince.  It  is  true  that  it  contains  the  Germanic  or  semi- 
Germanic  sub-district  of  the  Sette  Communi. 

2.  Sondrio,  Domo  d’Ossola,  and  most  of  the  other 
Alpine  districts  of  Piedmont. 

3.  Borgotaro,  an  upland  sub-division  of  Parma. 

4.  Portions  of  the  ancient  Samnium. 

The  cities  have  generally  considerable  rural  districts 
attached  to  them,  which  renders  it  difficult  to  appreciate 
the  special  effects  of  urban  life  upon  the  physique.  These 
are  nowise  conspicuous.  In  some  cases  the  town  population 
appears  a  little  darker,  in  others  a  little  lighter  than  that  of 
the  surrounding  country.  The  stature  seems  to  me  to  be, 
if  anything,  rather  higher  in  the  great  towns,  with  the  ex- 
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ception  of  Milan  and  Venice.  The  towns  no  doubt  contain 
a  larger  proportion  of  the  upper  and  well-nourished  classes  ; 
the  poverty  of  the  Italian  peasantry  is  notoriously  great,  so 
that  this  superiority  in  mean  stature  of  the  townspeople 
might  have  been  expected.  Ouetelet  long  ago 1  showed 
that  in  Brabant,  at  conscription  ages,  this  superiority  existed, 
and  Ammon  2  has  demonstrated  it  in  Carlsruhe  and  Freiburg- 
in-Brisgau  ;  but  it  remains  uncertain  whether  the  inferiority 
of  the  peasantry  may  not  be  due  merely  to  retarded  develop¬ 
ment,  and  whether  it  may  not  wholly  disappear  before  the 
completion  of  growth,  or,  say,  by  the  twenty-fifth  year.  As 
for  coloration,  Virchow’s  great  inquest  into  that  of  the 
German  school  children,  and  George  Mayr’s  publication 
on  the  same  subject,  as  well  as  my  own  observations  on 
British  adults,  point  to  the  existence  of  a  majority  of  much- 
pigmented  people  in  towns  as  compared  with  rural  districts, 
whatever  may  be  the  causes  of  the  phenomenon  ;  but  these 
Italian  statistics  do  not,  so  far  as  published,  appear  to  carry 
us  any  farther. 

Another  important  department  of  anthropometry,  that 
of  the  effect  of  pathological  conditions  on  the  stature,  has 
been  well  handled  by  Livi,  who  has  some  very  pregnant 
material  wherewith  to  deal  in  the  figures  relating  to  districts 
infested  with  goitre,  malaria,  and  pellagra. 

Of  these  three  deteriorating  causes,  the  first,  though  it 
may  not,  perhaps,  be  quite  so  widely  diffused  throughout ' 
the  kingdom  as  the  second,  is  vastly  more  powerful 
in  its  own  domains.  In  Aosta,  the  district  which  stands 
worst  in  this  respect,  and  which,  as  we  have  noted, 
stands  at  the  head  of  the  lists  of  brachycephaly  and  fair 
complexion,  the  number  of  young  men  rejected  for  goitre, 
during  the  period  1863-76,  was  no  less  than  317  per  cent.,3 
and  this  was  after  267  per  cent,  had  been  rejected  for 
deficient  stature  ;  for  in  Italy  measurement  precedes  medical 
examination  of  the  conscripts.  Of  these  7*1  had  a  stature 

1  Quetelet,  Anthropometrie.  Brux,  1870. 

2  Ammon,  Naturliche  Auslese  beim  Menschen.  Jena,  1893. 

3  Sormani,  Geographia  Nosologica  <T Italia.  Anna l.  di  slat.  Roma, 
1877. 
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of  145  mms.  (57 ‘i  inches)  or  less.  There  can  be  no  doubt: 
that  a  great  part  of  those  thus  rejected  for  deficient  stature, 
probably  the  majority  of  them,  were  also  goitrous,  but  Dr. 
Livi  contents  himself  with  the  moderate  estimate  that  40 
per  cent,  of  the  young  male  population  are  thus  afflicted. 
The  effect  of  this  in  lowering  the  average  stature  of  the 
recruits  presented  for  examination  is  great,  so  great  that 
their  average  stature  in  Aosta  is  only  1603  mms.  (63*1 
inches),  which  is  simply  identical  with  that  in  the  district  of 
Cosenza,  among  the  dwarfish  Calabrians.  Yet  the  type  of 
stature,  as  Livi  calls  it,  the  stature,  that  is,  as  determined 
by  what  we  call  race  or  heredity,  and  exhibited  by  healthy 
persons,  is  comparatively  tall.  The  curve  of  stature,  though 
beginning  very  early,  and  rising  irregularly  with  many 
oscillations,  does  not  actually  culminate  below  1650  mms. 
(65  inches),  whereas  that  of  Cosenza  culminates  somewhere 
about  1600  mms.  (63  inches).  And  the  percentage  of  tall 
men  (1700  mms.)  among  the  soldiers  from  Aosta  is  19 ‘5, 
about  the  average  of  Piedmont,  and  of  short  men  (under 
1600  mms.)  1 8*  1,  whereas  the  figures  for  Cosenza  are  11*5 
and  23*2. 

Livi  carries  on  the  comparison,  matching  other  pairs  of 
districts,  healthy  with  unhealthy,  goitrous  with  non-goitrous, 
as  Sondrio  with  Benevento,  and  Clusone  with  Foligno. 
The  results  are  strictly  analogous  ;  and  he  shrewdly  remarks 
that  the  previous  rejection  of  the  pathologically  dwarfish  or 
diseased  leaves  behind  a  mass  of  material  all  the  better 
fitted  for  investigation  into  the  influences  of  race  and  media. 

The  effects  of  malaria  and  of  pellagra  on  the  stature 
are  much  more  difficult  to  ascertain.  Livi  singles  out  the 
district  of  Grosseto,  on  the  low,  marshy  coast  of  Tuscany, 
as  probably  the  most  malaria-infested  in  the  whole  country  ; 
but  there  is  nothing  very  remarkable  therein  as  to  stature 
or  complexion,  and  the  proportion  of  conscripts  rejected  is 
below  the  average  of  the  kingdom  !  There  is  room  here 
for  further  investigation.  One  has  heard  or  read  much 
about  physical  degeneracy  in  fever-stricken  districts  like  the 
Sologne,  but  countervailing  examples  may  easily  be  found, 
such  as  the  proverbial  beauty  and  fine  development  of  the 
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people  of  Arles.  Pellagra  again,  though  still  widely  diffused 
in  the  region  of  the  Po,  is  difficult  to  identify  in  the  statis¬ 
tics  as  a  cause  of  degeneration  ;  it  is  seldom  mentioned  as 
a  cause  of  disqualification. 

Livi  is  an  accomplished  handler  of  statistics,  and  is  quite 
aware  of  their  weak  points,  such  as  the  propensity  of  obser¬ 
vers  to  choose  a  round  number  rather  than  the  one  imme¬ 
diately  below  or  above  it,  and  even  to  treat  numbers  with  a 
5  in  the  unit  place  as  round  numbers.  It  is  on  grounds 
such  as  these  that  he  ventures  to  challenge  the  applicability 
of  the  law  of  the  bicipital  curve,  discovered  by  the  elder 
Bertillon,  to  many  of  the  cases  which  are  cited  as  examples 
of  it.  For,  says  he,  when  you  amalgamate  the  curves  re¬ 
presenting  the  stature  of  two  races  differing  by  not  more 
than  6  or  7  centimetres  (provided  that  these  curves  are 
tolerably  uniform  and  free  from  the  effects  of  the  tendency 
to  round  numbers  and  otherwise  incorrect  observation)  there 
will  result  not  a  double  vertex  but  simply  a  broadening  and 
a  depression  of  the  upper  part  of  the  figure.  This  he  exem¬ 
plifies  by  amalgamating  the  curves  of  Udine,  in  the  Frioul, 
and  Oristano,  in  Sardinia,  the  average  stature  of  these  dis¬ 
tricts  being  1657  and  1585  millimetres  respectively.  The 
resultant  curve  is  broad  and  flat,  with  but  a  slight  appear¬ 
ance  of  duplicity.  But  when  Livi  goes  on  to  imply  that 
the  double  peak  in  the  curve  of  the  Doubs,  which  suggested 
the  idea  of  two  races  to  Bertillon,  is  probably  due  to  the 
grouping  of  the  measurements  by  inches  instead  of  centi¬ 
metres,  to  the  idolatry  of  round  numbers  or  to  similar 
causes,  I  think  he  goes  a  little  too  far.  Lagneau 1  has 
shown  that  the  phenomenon  in  question  is  equally  well  or 
even  better  marked  in  the  Oise,  the  Seine-Inferieure  and 
several  other  departments  of  the  north  and  north-east  of 
France,  precisely  where  the  history  of  Gallic  and  Germanic 
conquest  would  lead  us  to  expect  it,  while  in  the  more 
purely  Keltic  portions  of  France  it  does  not  appear. 

1  Anthropologie  de  la  France ,  p.  41.  Paris,  1879. 
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THE  MOST  RECENT  VALUES  OF  THE  MAG¬ 
NETIC  ELEMENTS  AT  THE  PRINCIPAL 
MAGNETIC  OBSERVATORIES  OF  THE 
WORLD. 


[Through  the  courtesy  of  the  Kew  Committee  of  the  Royal  Society 
and  of  Mr.  Chree,  the  Superintendent  of  the  Kew  Observatory,  arrange¬ 
ments  have  been  made  for  the  publication,  in  this  journal,  of  a  table  show¬ 
ing  the  mean  annual  values  of  the  magnetic  elements  as  determined  at  the 
various  magnetic  observatories  of  the  world.  It  is  intended  that  this  table 
shall  appear  about  July  in  each  year. — Ed.] 


''HE  phenomena  of  terrestrial  magnetism  possess  so 


X  many  points  of  interest  that  in  a  short  article  it  is 
only  possible  to  glance  at  a  portion  of  the  field.  The  mag¬ 
netic  phenomena  at  any  one  place  show,  as  is  well  known, 
a  continual  fluctuation.  There  is  a  general  drift,  or  secular 
variation,  proceeding  in  the  same  direction  for  many  years, 
together  with  more  or  less  regular  annual  and  diurnal 
variations  and  probably  other  minor  oscillations  of  a  cyclic 
character.  There  are  also  numerous  irregularities,  which 
when  sufficiently  intense  are  dignified  with  the  title  of  mag¬ 
netic  storms. 

To  analyse  the  phenomena  it  is  necessary  to  consider 
separately  the  various  magnetic  elements.  Three  elements, 
two  being  angles  measuring  direction  and  one  a  measure  of 
intensity,  suffice  to  define  the  magnetic  force.  It  is  custom¬ 
ary  and  more  convenient,  however,  to  record  the  inten¬ 
sity  not  of  the  whole  force  but  of  its  horizontal  and  vertical 
components.  The  usual  angular  elements  are  the  declina¬ 
tion,  or  angle  the  horizontally  suspended  magnetic  needle 
makes  with  the  geographical  meridian,  and  the  inclination , 
or  dip,  which  is  the  angle  made  with  the  horizontal  plane 
by  a  magnetic  needle  freely  movable  in  the  magnetic 
meridian.1 

One  of  the  fundamental  objects  of  magnetic  observations 
is  to  supply  the  data  required  for  the  construction  of  maps,  or 

1  The  magnetic  meridian  is  the  vertical  plane  which  contains  a  freely 
suspended  horizontal  magnet. 
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charts,  showing  the  simultaneous  values  of  the  several  mag¬ 
netic  elements  over  the  whole  or  a  portion  of  the  globe.1 
Such  maps  may  be  divided  into  two  classes,  viz. :  (i)  maps 
on  which  the  values  of  the  declination  are  indicated  with 
sufficient  accuracy  for  the  requirements  of  travellers  by  land 
or  sea,  (2)  maps  (up  to  the  present  almost  exclusively  of 
land)  on  which  the  values  of  the  magnetic  elements  are 
given  with  all  possible  precision.  The  latter  class  is  chiefly 
of  scientific  value,  as  showing  the  relations  between  the  mag¬ 
netic  and  geological  constitution  of  the  districts  surveyed, 
and  giving  information  on  other  similar  points.  It  is  hardly 
perhaps  apparent  at  first  sight  that  the  successful  construc¬ 
tion  of  these  maps  is  largely  dependent  on  the  existence  of 
fixed  magnetic  observatories  keeping  a  record  of  magnetic 
history  ;  such,  however,  is  the  case,  as  the  following  con¬ 
siderations  will  show.  Maps  of  the  first  class,  however,  if 
correct  when  drawn,  would  soon  be  useless  unless  allowance 
were  made  for  the  secular  change  of  declination.  The 
necessary  data  are  partly  supplied  by  observations  made 
at  sea,  but  as  these  are  not  very  accurate  it  is  most  impor¬ 
tant  that  they  should  be  confirmed  by  more  exact  work  at 
numerous  magnetic  observatories.  In  the  construction  of 
maps  of  the  second  kind  magnetic  observatories  play  a  still 
more  important  part. 

Exact  magnetic  observations  can  only  be  taken  by 
highly  trained  observers  with  first-class  instruments,  and 
without  an  enormous  expenditure  it  is  impossible  to  multiply 
largely  either  observers  or  instruments.  Thus  the  carry¬ 
ing  out  of  a  magnetic  survey  over  a  large  area  is  a  work 
not  of  days  but  years,  and  the  data  obtained  for  construct¬ 
ing  a  chart  refer  to  such  different  times  that  allowance  must 
at  least  be  made  for  the  secular  variation  of  the  elements. 

Again  the  diurnal  variation  in  some  of  the  elements  is 
very  considerable.  At  Kew,  for  instance,  on  an  average 
the  declination  magnet  points  eight  minutes  of  arc  further 
to  the  westward  at  2  p.m.  than  it  did  six  hours  previously. 

1  Cf  Captain  Creak’s  Report  on  the  Magnetical  Results  of  H.M.S. 
“  Challenger  ”. 
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Thus  when,  as  usually  happens,  observations  of  an  element 
are  taken  at  times  other  than  those  at  which  it  just  attains 
its  mean  daily  value,  allowance  should  be  made  for  the 
diurnal  inequality.  Finally,  irregular  fluctuations  in  the 
magnetic  elements  are  not  infrequent.  Occasionally  these 
are  very  large  ;  for  instance,  Professor  Adams  in  the  Philo¬ 
sophical  Transactions  for  1892,  p.  136,  refers  to  a  rapid 
change  of  over  fifty-three  minutes  of  arc  as  occurring  on 
one  occasion  in  the  declination  at  Toronto.  In  such  an  ex¬ 
ceptional  case,  of  course,  a  careful  observer  would  almost 
certainly  detect  the  existence  of  a  severe  magnetic  storm. 
Usually,  however,  irregular  fluctuations  are  neither  so  sud¬ 
den  nor  so  large  as  to  betray  their  existence  to  an  observer 
on  a  survey,  as  he  has  not  the  proper  instruments  for  deal¬ 
ing  with  them.  The  ideal  arrangement,  no  doubt,  would 
be  to  have  instruments  giving  a  continuous  magnetic  record 
at  all  the  places  where  absolute  observations  are  taken, 
but  the  expense  is  prohibitive,  and  fortunately  the  case  is 
fairly  met  by  a  comparatively  small  number  of  fixed  observa¬ 
tories.  The  secular  variation,  the  diurnal  inequality,  and, 
as  a  rule,  even  the  irregular  fluctuations,  present  very  similar 
features  over  a  large  area.1  The  curves  showing  the  fluc¬ 
tuations  recorded  by  instruments  of  the  same  pattern  at  two 
observatories  within  a  few  hundred  miles  of  one  another  are 
closely  similar.  If  the  disturbances  are  large  and  sudden  it 
would  perhaps  be  hardly  prudent  to  rely  on  the  records  of  a 
distant  observatory  for  particulars.  But  even  then  these 
records  might  prove  of  no  inconsiderable  use  indirectly  in 
checking  the  fancy  of  an  observer  when  working  up  his 
results. 

To  enter  on  details  with  respect  to  the  magnetic  records 
for  one  year  of  even  a  single  observatory  would  occupy  too 
much  space.  It  is  possible,  however,  to  supply  in  brief 
compass  a  table  of  the  mean  annual  values  of  the  elements 
at  a  number  of  observatories,  and  this  is  done  here  with  the 
hope  that  it  will  prove  both  useful  and  interesting.  In  one 

1  Cj \  Professor  W.  G.  Adams,  B.  A.  Reports ,  1880,  p.  201,  and  1881,  p. 
463,  also  Mr.  W.  Ellis,  Proceedings  of  Royal  Society ,  vol.  lii.,  p.  191,  1892. 
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or  two  cases  the  information  has  been  courteously  supplied 
in  answer  to  special  application,  by  directors  of  observatories 
whose  publications  were  not  accessible,  but  it  has  mainly 
been  extracted,  with  the  sanction  of  the  Kew  Committee 
of  the  Royal  Society,  from  the  official  publications  received 
by  the  Kew  Observatory.  Few  of  these  publications  can 
be  consulted  except  by  those  who  have  access  to  a  good 
library,  and  frequently  mean  annual  values  are  not  explicitly 
given  but  have  to  be  deduced  by  more  or  less  arduous  cal¬ 
culations.  The  numerical  measures  of  force  are  all  given 
here  in  terms  of  C.  G.  S.  units,  measurements  in  terms  of 
British  units  having  been  transformed  when  necessary. 

Taking  a  well-equipped  magnetic  observatory,  we  find 
two  distinct  sets  of  observations  in  progress.  There  are, 
first,  the  absolute  observations,  in  which  numerical  values  of 
the  declination,  dip  and  horizontal  force  are  obtained  at 
intervals  from  direct  observations.  There  are,  secondly,  the 
magnetic  curves  from  the  self-recording  instruments,  called 
magnetographs,  which  supply  a  practically  continuous  record 
of  the  variations  in  the  values  of  the  declination  and  the 
horizontal  and  vertical  forces.  The  curves  by  themselves 
supply  a  large  amount  of  qualitative  and  even  to  a  certain 
extent  of  quantitative  information,  but  for  the  deduction  of 
a  satisfactory  value  for  such  a  quantity  as  an  annual  mean 
they  must  be  standardised  by  the  aid  of  the  absolute  obser¬ 
vations. 

In  a  magnetic  curve  distances  in  one  direction,  taken  as 
abscissae,  measure  the  time,  while  distances  in  a  perpen¬ 
dicular  direction,  taken  as  ordinates,  give  the  differences  of 
the  magnetic  element  considered  from  a  certain  value 
answering  to  the  base  line.  The  value  of  unit  length  of 
the  ordinate  is  obtained  by  direct  experiments  performed, 
say  once  a  year,  on  the  magnetographs.  The  determina¬ 
tion  of  the  value  of  the  element  answering  to  the  base  line 
is  effected  by  measuring  the  ordinates  corresponding  in  time 
to  the  absolute  observations,  and  for  various  reasons  it  is 
expedient  to  make  this  comparison  pretty  frequently. 

When  the  magnetic  curves  have  been  standardised  they 
may  be  employed  to  get  the  diurnal  oscillation  and  mean 
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values  for  the  month  or  year.  For  this  purpose  use  may  be 
made  of  the  curves  of  every  day  in  the  year,  or  of  every  day 
free  from  serious  disturbance,  or  of  any  smaller  number  of  days 
that  may  be  deemed  sufficient.  At  some  observatories,  as 
at  Greenwich,  measurements  are  taken  for  every  hour,  at 
others  for  every  sixth,  at  others  for  every  eighth  hour,  and 
various  other  plans  are  elsewhere  in  vogue. 

The  operation  of  taking  measurements  for  every  hour 
of  every  day  unfortunately  entails  a  very  large  amount  of 
labour  and  may  also  distort  the  average  diurnal  oscillation 
with  the  effects  of  magnetic  storms  which  are  not  uniformly 
distributed  over  the  twenty-four  hours.  This  led  Professor 
Wild  of  St.  Petersburg,  many  years  ago,  to  suggest  the 
restriction  of  the  hourly  measurement  to  the  curves  for  a 
comparatively  small  number  of  quiet  days,  or  days  of  no  ap¬ 
preciable  disturbance,  selected  by  actual  inspection.  The 
adequacy  of  five  quiet  days  a  month  for  most  purposes 
seems  indicated  by  independent  researches  of  Professor 
Rucker 1  and  the  late  Mr.  Whipple.1  This  number 
has  met  with  the  approval  of  the  Magnetic  Com¬ 
mittee  of  the  British  Association,  and  to  secure  uniformity 
the  Astronomer  Royal  has  undertaken  to  choose  from  inspec¬ 
tion  of  the  Greenwich  curves  the  most  suitable  quiet  days 
and  to  communicate  these  to  other  observatories.  At  pre¬ 
sent  the  observatories  at  Falmouth  and  Kew  employ  these 
days  alone  for  their  monthly  and  annual  means,  whilst  at 
Greenwich  special  tables  for  these  days  are  constructed  in 
addition  to  the  more  complete  tables. 

Mean  annual  values  deduced  from  the  magnetic  curves 
are  the  most  satisfactory  when  obtainable,  but  unfortunately 
a  good  many  observatories  furnished  with  magnetographs 
do  not  state  them  explicitly  in  their  publications.  In  some 
of  these  cases  data  are  given  from  which  mean  annual 
values  may  be  calculated,  but  in  other  instances  this  does 
not  appear  to  be  the  case.  Not  unfrequently  results  are 
stated  in  terms  of  arbitrary  scale  divisions,  whose  values  are 
not  given  in  the  publication  of  the  year  under  consideration. 
Research  into  the  publications  of  previous  years  may  lead 


1  See  B.  A.  Report  for  1890,  p.  172. 
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Place. 

Latitude. 

Longitude. 

Year. 

Declination. 

Pawlowsk  (near  St. 

59°  4i'  N. 

30°  29'  E. 

1892 

o°  i  ’o  W. 

Petersburg) 

12°  34  E. 

1892 

io°  53*1  w. 

Copenhagen 

55°  4i'  N. 

Stonyhurst  . 

53°  51"  N. 

2°  28'  W. 

1893 

1 8°  46'*5  W. 

Hamburg  . 

53°  34  N. 

io°  3  E. 

1893 

n°  54*3  W. 

Wilhelmshaven  . 

53°  32'  N. 

8°  9  E. 

1892 

1 30  1  o'- 1  W. 

Kew  .... 

510  28'  N. 

o°  19'  W. 

1893 

1 70  28'-8  W. 

Greenwich  . 

510  28'  N. 

o°  o' 

1893 

1 70  ii'*4  W. 

Falmouth  . 

50°  9  N. 

5°  5'W. 

1892 

190  i3'-i  W. 

Prague 

50°  5'  N. 

140  25'  E. 

1892 

90  48'- 6  W. 

Parc  St.  Maur  (near 

48°  49'  N. 

-  20  29'  E. 

1891 

150  32'-8  W. 

Paris) 

Vienna 

48°  14  N. 

1 6°  20'  E. 

1890 

9°  5'-9W. 

Buda  Pesth 

47°  3°'  N. 

190  2'  E. 

1888 

8°  7'*2  W. 

Pola  (on  Adriatic) 

44°  52'  N. 

i3°  5o'  E. 

1893 

9°  5  7  ‘3  w- 

Perpignan  . 

420  42'  N. 

2°  53'  E. 

1891 

140  2 1'"4  W. 

Rome 

410  54  N. 

12°  26'  E. 

1891 

1  o°  45'  W. 

Tiflis  (Transcaucasia)  . 

410  43  N. 

440  48'  E. 

1891 

i°  27^9  E. 

Coimbra 

40°  12'  N. 

8°  25'  W. 

1892 

if  57''4  W. 

Washington 

38°  53'  N. 

77°o'-oW. 

1890 

40  5'-8  W. 

Lisbon 

38°  43'  N. 

90  9'  W. 

1888 

1 8°  i6'*4  W. 

Los  Angeles  (Califor- 

34°  3'N. 

1 1 8°  15'  W. 

1889 

140  2 2  '9  E. 

nia) 

Zi-ka-wei  (China) 

310  12'  N. 

1210  26'  E. 

1892 

2°  I4'-4  W. 

Hong  Kong 

22°  18'  N. 

1 1 40  10'  E. 

1892 

o°  33  *5  E* 

Colaba  (Bombay) 

1 8°  54  N. 

720  49'  E. 

1892 

o°  42^7  E. 

Manila  (Philippines)  . 

14°  35'  N. 

1270 1 1  E. 

1891 

o°  49'‘7  E. 

Batavia 

6°  iT  S. 

1060  49'  E. 

1892 

i°  34-8  E. 

Loanda  (West  Africa)  . 

8°  48'  S. 

130  14  E. 

1888 

1 8°  9‘  1  W. 

Mauritius  . 

200  6'  S. 

57°  33  E. 

1892 

io°  5'- 1  W. 

Melbourne  . 

37°  5°'  S. 

144°  58' E. 

1891 

7°  S8'-S  E- 
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Place. 

Year. 

Inclination. 

Horizontal 

Vertical 

Force. 

Force. 

Pawlowsk 

1892 

70°  45'-i  N. 

•16424 

•47037 

Copenhagen  . 

1892 

68°  5o'-4  N. 

■17334 

M4782 

Stonyhurst 

i893 

69°  2  *6  N. 

*1716 

’4479 

Hamburg  ... 

i893 

67°  45/,4  N. 

•18003 

•44022 

Wilhelmshaven 

1892 

67°  57'*3  N. 

*x  79 1 7 

*44245 

Kew  .... 

i893 

67°  26^3  N. 

•18238 

•43896 

Greenwich 1  . 

i893 

f  67°  i8'-9  N. 
I6f  i7'*8  N. 

•18287 

f‘43747 

[•43708 

Falmouth 

1892 

67°  7/-i  N. 

•18443 

•43686 

Prague  .... 

1892 

— 

'19754 

— 

Parc  St.  Maur 

1891 

65°  1  o'  1  N. 

'^ss8 

•42266 

Vienna  .... 

1890 

63°  1 7  ’2  N. 

•20641 

•41036 

Buda  Pesth  . 

— 

— 

— 

— 

Pola  .... 

i893 

6o°  39'-6  N. 

•21988 

•39II7 

Perpignan 

1891 

6o°  i5'-3  N. 

•22249 

■38936 

Rome  .... 

1891 

58°  4-6  N. 

— 

— 

Tiflis  .... 

1891 

55°  43'7  N. 

‘257I4 

*37735 

Coimbra 

1892 

59°  53*2  N. 

•22477 

*38753 

Washington  . 

1890 

7i°  4-5  N. 

•19860 

•57928 

Lisbon  .... 

1888 

58°  37'*3  N. 

•23086 

*37853 

Los  Angeles  . 

1889 

59°  29'*o  N. 

•2725 

•4630 

Zi-ka-wei 

1892 

46°  7,-o  N. 

•32500 

V3792 

Hong  Kong  . 

1892 

32°  3  *5  N. 

'36352 

•22767 

Colaba  .... 

1892 

2o°  33'*3  N. 

■37424 

•14033 

Manila  .... 

1891 

1 7°  i6'*3  N. 

•37616 

•11697 

Batavia  .... 

1892 

28°  58'  S. 

■37125 

•20551 

Loanda  .... 

— 

— 

— 

— 

Mauritius 

1892 

54°  48,'2  S. 

•24003 

•34030 

Melbourne 

1891 

67°  1 2  ' 1  S. 

■23475 

•55856 

1  First  results  from  3  inch  dip  needles  only,  second  mean  from  3,  6  and  g  inch 
needles. 
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to  the  discovery  of  a  scale  value,  but  this  cannot  be  trusted 
to  for  absolute  results  in  view  of  the  change  that  has  pro¬ 
bably  occurred.  In  such  cases  it  seems  preferable  to  em¬ 
ploy  the  records  of  the  absolute  observations,  and  in  some 
observatories  these  are  the  only  results  obtainable.  Abso¬ 
lute  observations,  if  a  sufficient  number  exist,  are  satisfac¬ 
tory  enough,  when  corrected  for  the  diurnal  inequality. 
In  some  instances  where  no  such  correction  seems  to  have 
been  applied,  the  hour  or  hours  of  observation  may  have 
been  chosen  so  as  to  eliminate  the  inequality.  Unfortun¬ 
ately  information  on  this  point  is  commonly  deficient,  and  it 
might  be  as  well  in  such  cases  to  regard  the  results  as 
uncertain  to  the  extent  of  at  least  half  the  daily  range. 

This  uncertainty  is  in  reality  not  so  serious  a  matter  as 
might  appear  at  first  sight,  for  observatories  as  a  rule  are  so 
conservative  in  their  instincts  that  their  results  for  successive 
years,  though  possibly  in  strictness  not  mean  annual  values, 
are  fairly  comparable  amongst  themselves.  The  uncertainty 
arising  from  possible  differences  between  the  instruments  at 
different  observatories  has  also  to  be  kept  in  view.  An 
interesting  example  bearing  on  this  point  is  furnished  by 
the  Greenwich  results  in  the  table  for  dip  needles  of 
different  lengths. 

In  the  publications  of  most  magnetic  observatories  force 
is  measured  to  five  significant  figures,  and  declinations  and 
dips  to  the  nearest  tenth  minute,  and  when  this  is  done  the 
practice  has  been  followed  in  the  present  table.  After  the 
warning  given  above  as  to  probable  differences  between  the 
instruments  at  different  observatories  this  can  do  no  harm, 
and  it  may  prove  useful  in  tracing  secular  variation  if 
similar  tables  be  published  in  future  years. 

The  interval  elapsing  before  the  publication  of  results 
varies  much  in  different  observatories,  so  that  there  is  unfor¬ 
tunately  a  considerable  variety  in  the  dates  in  the  table. 
Following  the  example  of  the  B.  /I.  Report  for  1887,  pp- 
328-331 — a  source  from  which  a  good  many  of  the  geograph¬ 
ical  data  are  taken— I  have  arranged  the  observatories 
according  to  their  latitude.  The  longitude  is  in  all  cases 
referred  to  Greenwich.  In  some  few  cases  where  the  geo- 
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graphical  position  had  to  be  extracted  from  a  map,  and  in 
others  where  conflicting  statements  existed,  there  may  not 
unlikely  be  appreciable  error. 

The  data  in  the  table  are  deduced  from  hourly  readings 
of  the  magnetic  curves  in  the  case  of  Pawlowsk,  Copenhagen 
(April — December  only),  Kew,  Greenwich,  Falmouth 
(declination  and  horizontal  force),  Parc  Saint  Maur,  Pola, 
Perpignan,  Tiflis,  Washington,  Zi-ka-wei,  Manila,  Batavia 
and  Mauritius  (?).  In  the  case  of  Hamburg  (declination), 
Wilhelmshaven,  Vienna  (declination  and  horizontal  force), 
Prague,  Coimbra  (declination),  Lisbon  (declination),  Hong 
Kong  and  Colaba  (all  elements  but  declination)  the  diurnal 
inequality  has  been  at  least  partly,  in  some  cases  probably 
with  great  exactness,  allowed  for  by  taking  readings  from 
curves  or  absolute  instruments  at  two  or  more  different 
hours.  In  other  cases  the  hour  selected  for  observing  a 
particular  element  may  more  or  less  accord  with  the  time  at 
which  it  has  its  mean  daily  value,  but  information  on  this 
point  is  lacking.  In  a  few  cases,  eg.,  Rome,  where  regular 
magnetic  work  seems  only  commencing,  the  recorded  ob¬ 
servations  are  perhaps  somewhat  few  to  supply  a  satisfac¬ 
tory  annual  mean. 

Charles  Chree. 
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ON  THE  SUCCESSION  AND  GENESIS  OF 
MAMMALIAN  TEETH. 


G[^HE  form  and  relations  of  the  teeth  have  always  occu- 
X  pied  a  prominent  place  among  those  characters  which 
determine  the  systematic  position  and  individual  peculiarities 
of  any  mammal.  And  when  we  consider  that  owing  to  its  com¬ 
position  a  tooth  is  one  of  the  most  resistant  structures  which 
these  animals  possess,  it  will  at  once  be  evident  that  the 
importance  of  the  teeth  cannot  be  overestimated  in  relation 
to  the  study  of  the  past  history  of  the  group  as  determined 
from  their  fossil  remains.  We  cannot  therefore  investigate 
too  carefully  the  many  doubtful  points  in  tooth  relationships, 
the  solving  of  which  may  assist  us  in  obtaining  a  more  com¬ 
plete  knowledge  both  of  the  inter-relationships  of  the  different 
orders  of  mammalia  and  of  the  ancestry  of  the  mammalian 
phylum  itself. 

The  study  of  comparative  odontology  is  a  very  old  one, 
but  it  is  not  until  we  come  to  the  beginning  of  the  present 
century  that  we  find  any  very  comprehensive  attempt  to 
treat  this  subject  in  a  systematic  way.  Such  an  attempt 
we  owe  to  F.  Cuvier  (i),  who  was  one  of  the  first  to  give 
us  any  detailed  description  of  the  teeth  of  a  large  number 
of  mammals  and  to  endeavour  to  homologise  the  same. 

Following  closely  upon  Cuvier  we  find  Owen  (2,  3,  4,  5) 
in  this  country  working  at  the  same  subject,  and  it  is  from 
his  numerous  memoirs  that  the  science  of  comparative 
odontology  may  be  said  to  have  arisen.  On  comparing 
his  results  with  those  of  more  recent  investigators,  it  is 
astonishing  to  find  how  very  little  our  latest  conclusions 
differ  from  those  at  which  he  arrived  as  early  as  1868, 
especially  when  we  consider  the  advances  which  have  been 
made  in  the  methods  of  observation. 

His  introduction  (5)  of  a  systematic  method  of  express¬ 
ing  the  dentition  of  a  mammal  by  means  of  symbols 
has  been  of  immense  use  to  comparative  anatomists,  al¬ 
though  the  use  of  these  dental  formulae  may  be  in  some 
instances  carried  too  far,  considering  that  they  may  only 
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represent  the  apparent  or  physiological,  and  not  necessarily 
the  true,  relationships  between  their  component  teeth. 

A  very  interesting  paper  published  in  1868  by  Lankester 
and  Moseley  (47)  criticised  these  views  of  Owen’s  and 
suggested,  with  a  good  show  of  reason,  a  new  system 
of  nomenclature,  which  although  of  great  interest  has  never 
been  adopted. 

Owen’s  subdivision  of  the  mammalian  dentition  into  two 
types,  the  monophyodont  and  diphyodont ,  implying  respectively 
the  presence  of  one  set  only  or  two  sets  of  teeth,  has  endured 
until  quite  recently,  although  it  was  shown  as  long  ago  as 
1869  by  Flower  (6)  that  this  generalisation  was  incorrect. 

His  views  as  to  the  relation  of  the  milk  and  replacing- 
teeth  vary  considerably  in  his  earlier  and  later  works  ;  thus 
we  find  him  at  one  time  stating  that  the  marsupials  possess 
milk  incisors  which  are  shed  early  in  life,  while  in  his  latest 
works  he  says  (4,  p.  379)  that  the  functional  incisors,  canines 
and  deciduous  molars  of  these  animals  are  possibly  to  be 
referred  to  the  first  or  milk  dentition  ; 1  this,  taken  in  con¬ 
junction  with  another  statement  which  he  makes  (4,  p. 
368),  viz.,  that  “the  molars  are  a  continuation  backwards 
of  the  primary  or  milk  series,”  shows  that  Owen  in  1868 
anticipated  those  views  put  forward  as  original  in  the 
last  few  years  by  various  continental  observers,  which  have 
received  such  universal  acknowledgment. 

Next  to  Owen  in  this  country  we  are  indebted  to 
Flower  for  a  great  advance  in  our  knowledge  of  this  subject  ; 
the  latter  was  the  first  to  study  the  foetal  dentition  in  the 
flesh,  and  he  by  this  means  definitely  determined  the  exact 
number  of  replacing  teeth  in  the  marsupials  (7).  From  the 
study  of  the  relations  of  the  two  dentitions  in  those  animals 

1  The  detailed  description  which  Owen  gave  of  the  shedding  of  the 
supposed  milk  incisors  (3,  5)  leads  one  to  think  he  must  have  had  some 
evidence  to  go  upon  in  making  this  statement.  Recently  I  have  described 
the  presence  of  some  additional  vestigial  incisors  in  M.  major  (12),  and  it 
seems  just  possible  that  Owen  may  have  come  across  specimens  in  which 
these  were  abnormally  developed  and  mistaken  them  not  unnaturally  for 
the  deciduous  incisors.  His  sudden  change  of  opinion  may  have  been  due 
to  the  appearance  of  Flower’s  investigations  (7)  although  he  does  not  refer 
to  them. 


440 


SCIENCE  PROGRESS. 


and  especially  from  the  tooth  change  in  Thylacinus ,  Flower 
put  forward  the  theory  that  the  persistent  teeth  in  the  mar¬ 
supials  corresponded  with  the  second  dentition  of  the  pla- 
centalia,  and  that  the  milk  teeth  of  the  latter  were  a  secon¬ 
dary  set  superadded  to  the  permanent  ones  and  represented 
in  marsupials  by  a  single  tooth  only,  the  “third”  (fourth) 
deciduous  premolar.  He  further  sought  to  demonstrate 
(6)  that  the  homodont  dentition  of  the  cetacea  was  homolo¬ 
gous  with  the  second  or  replacing  dentition  of  the  more 
typical  mammals.  This  last  conclusion,  which  has  been  so 
long  accepted,  was  deduced  from  a  comparison  between  the 
dentitions  of  the  Odontoceti  and  the  Pinnipedia,  the  latter 
possessing  a  very  much  reduced  milk  dentition  and  func¬ 
tional  teeth  which  have  a  tendency  to  become  homodont. 

Those  views  were  accepted  in  their  entirety  by  Huxley 
(8),  and  it  was  largely  due  to  him  that  there  was  first  formulated 
the  conception  of  affinity  between  the  cetacea  and  the  seals  (9). 
The  comparison  between  the  dentitions  of  these  forms  has 
been  now  shown  to  be  misleading  (26),  as  the  cetacea  pos¬ 
sess  persistent  milk  teeth,  with  which,  in  some  cases,  there  are 
said  to  be  fused  vestigial  replacing  ones,  while  the  pinnipedia 
on  the  other  hand  possess  a  well-developed  replacing  set,  their 
milk  set,  even  including  the  molars,  being  in  some  forms  very 
much  reduced. 

Although  the  belief  in  the  primary  nature  of  the  re¬ 
placing  teeth  did  not  attain  much  support  on  the  continent 
it  met  with  more  success  in  England  ;  and  in  1887  Thomas 
(10)  contributed  a  very  important  paper  in  which  he  sup¬ 
ported  this  view.  In  this  paper  he  identified  the  solitary 
changing  premolar  of  the  marsupials  with  the  fourth  pre¬ 
molar  of  the  placentalia  and  not  with  the  third  as  had 
hitherto  been  generally  done,  and  he  showed  that  it  was 
pm2  which  was  suppressed  in  all  living  marsupials. 
Four  premolars  were  thus  supposed  to  have  been  charac¬ 
teristic  of  the  earliest  mammals  as  well  as  of  the  later  ones. 
This  view  was  supported  by  the  presence  of  a  replacing 
tooth  under  the  fourth  cheek  tooth  of  Triacanthodon,  which 
Thomas  demonstrated  for  the  first  time.  This  interpretation, 
although  generally  adopted,  has  been  criticised  by  Cope 
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(11),  who  believes  that  it  Thomas’  pm2  exists  it  proves  the 
presence  of  five,  not  four,  premolars  in  the  marsupials,  as 
he  considers  with  Owen  (4)  that  the  first  so-called  molar  of 
these  forms  is  really  the  last  premolar.  Continental  obser¬ 
vers  (26,  32)  persist  in  calling  this  changing  tooth  pni3, 
because  they  have  been  unable  to  find  any  trace  of  the  miss¬ 
ing  pm  2  of  Thomas  in  the  developmental  stage.  While 
studying  the  development  of  the  premolars  in  the  Macropi- 
didcz  (12)  I  have  deduced  reason  for  the  belief  that  the 
successional  premolar  is  in  reality  not  a  replacing  tooth  but 
a  retarded  milk  tooth,  intermediate  in  position  between 
pm3  and  pm4,  and  I  further  discovered  the  presence  of 
one  premolar  germ  in  front  of  the  functional  cheek  teeth. 
This  would  give  us  four  premolars,  without  counting  the 
first  molar  as  do  Cope  and  Owen. 

The  condition  of  this  replacing  tooth  in  Macropus  might 
well  appear  to  support  the  theory  of  Baume  (13)  that  the  two 
dentitions  of  the  mammalia  had  a  common  origin  in  a  single 
set  lineally  disposed,  and  that  each  alternate  tooth,  owing  to 
the  shortening  of  the  jaw,  became  retarded  in  its  develop¬ 
ment  and  displaced  so  as  to  be  situated  below  and  behind 
the  tooth  immediately  in  front,  thus  giving  rise  to  the  two 
apparently  distinct  generations  of  teeth,  the  underlying  ones 
eventually  pushing  out  the  more  superficial  set. 

This  theory  might  explain  to  a  certain  extent  the  rela¬ 
tion  of  the  teeth  seen  in  some  reptiles  (z.e.,  Varanidce)  and 
also  the  case  of  the  premolars  of  Macropus  just  mentioned, 
but  we  have  no  palaeontological  evidence  which  in  any  way 
bears  out  this  view  in  the  mammalia  and  I  should  rather  re¬ 
gard  the  case  above  recorded  as  a  feature  developed  in  the 
marsupials  alone,  z.e.,  one  in  which  a  milk  tooth  has  simu¬ 
lated  the  relations  of  a  replacing  tooth,  and  not  as  one  which 
gives  us  any  real  clue  to  the  relations  of  the  milk  and 
replacing  dentitions. 

All  attempts  to  study  the  homologies  of  the  individual 
teeth  in  different  orders  of  mammalia  are  very  important 
from  a  phylogenetic  point  of  view,  and  we  owe  much  to 
Thomas  (10)  for  his  careful  study  and  suggestions  in  this 
direction.  Unfortunately  even  now  we  know  very  little  of 
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the  development  of  the  teeth  in  the  majority  of  mammals, 
and  consequently  we  know  next  to  nothing  about  the  various 
vestigial  teeth,  which  there  is  no  doubt  many  of  them  pos¬ 
sess.  When  Thomas  wrote  we  knew  still  less,  so  that  it 
is  not  surprising  to  find  that  many  of  his  generalisations  do 
not  hold  good.  In  the  case  of  the  incisors  I  have  shown 
(12)  that  suppression  does  not  necessarily  take  place  at  one 
end  in  the  series  but  that  it  may  commence  in  the  middle. 
His  very  important  discovery  (14)  of  the  presence  of  a  milk 
dentition  in  Orycteropus  carries  on  the  work  of  Gervais, 
Flower  (25),  Tomes  (24)  and  others,  and  shows  that  the 
Edentata  are  truly  diphyodont,  and  that  it  is  their  milk  denti¬ 
tion  which  has  disappeared.  Pouchet  and  Chabry  ( 1  5,  p.  173), 
who  had  previously  worked  at  the  Orycteropus  by  means  of 
sections,  had  described  the  presence  near  the  symphysis  of  the 
lower  jaw  of  a  minute  calcified  tooth  and  an  enamel  organ 
of  another  tooth  behind  this  ;  these  teeth,  which  they  regard 
as  milk  incisors,  are  anterior  to  those  described  by  Thomas, 
and  show  that  these  animals  originally  possessed  a  complete 
and  probably  heterodont  dentition. 

Another  instance  in  which  the  microscope  has  revealed  an 
important  discovery  of  teeth  is  that  described  by  Poulton  (16) 
of  the  true  teeth  of  O  r  nit  horhync  hits ,  afterwards  worked 
out  by  Thomas  (17)  and  Stewart  (18)  in  older  specimens 
and  shown  to  be  functional.  It  would  be  of  great  interest 
to  re-examine  Poulton’s  sections  in  the  light  of  recent  dis¬ 
coveries,  to  determine  if  possible  to  which  dentition  these 
teeth  should  be  referred. 

Since  Rose’s  discovery  ( 1 9)  of  tooth  germs  in  Manis  there 
only  remain  the  Myrmecophagidce  and  Echidna  as  possible 
edentulous  mammals,  and  there  can  be  little  doubt  that  even 
in  these  animals  we  shall  ultimately  find  traces  of  teeth  in 
the  young. 

On  the  continent  we  find  that  the  milk  dentition  has  long 
been  regarded  either  as  the  primitive  one,  or  at  least  equal 
in  antiquity  to  the  replacing  set.  The  latter  view  was 
urged  by  Lataste  (20),  who  considered  that  the  two  sets  of 
teeth  were  inherited  direct  from  the  polyphyodont  reptiles, 
and  that  the  mammalia  were  primarily  diphyodont. 
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The  greatest  contention  has  raged  round  the  molars  ; 
Lataste  (20),  maintaining  that  they  belonged  to  the  second 
dentition,  was  supported  by  Magitot  (21),  whereas  Beaure¬ 
gard  (22)  believed  them,  as  Owen  had  previously  done,  to 
belong  to  the  milk  dentition. 

Nearly  all  these  views  were  based  on  the  study  of  dried 
skulls  or  of  the  relative  position  of  the  calcified  teeth  in  the 
gum  of  the  young  animal  and  not  on  microscopic  study  of 
the  relation  of  the  enamel  organs  to  one  another,  by  which 
alone  these  points  can  be  cleared  up.  It  is  true  that  Tomes 
(23)  had  done  a  great  deal  in  the  microscopy  of  teeth  and 
that  Pouchet  and  Chabry  (15),  who  had  worked  in  this  way 
at  quite  a  number  of  mammals,  had  definitely  shown 
amongst  other  things  the  relation  of  the  minute  milk 
incisors  of  the  rabbit  to  the  functional  ones  ;  but  the  last- 
named  investigators  did  not  realise  all  that  their  specimens 
show,  for  they  certainly  figure  the  molar  of  a  squirrel  with 
what  would  be  now  regarded  as  a  rudiment  of  a  successional 
tooth. 

Not  until  the  last  three  years  has  the  microscopic  study 
of  the  developmental  relationship  of  the  sets  of  teeth 
occurring  in  mammals  been  seriously  taken  up.  Now,  how¬ 
ever,  we  are  almost  flooded  with  literature  on  this  subject, 
and  in  many  instances  we  now  are  familiar  with  the  develop¬ 
ment  of  the  teeth  from  their  earliest  indication  until  the 
distinct  sets  are  fully  formed. 

The  earliest  worker  in  this  direction  was  Kukenthal 
(26,  27).  His  chief  work  (26,  28)  deals  with  the  hitherto 
supposed  monophyodont  dentition  of  the  whales,  which  he 
has  shown  to  be  in  reality  diphyodont,  the  functional  or 
most  developed  set  being  in  the  Mystacoeti,  the  remains  of 
the  milk  dentition.  In  certain  Odontocoeti  (. Pkocoena )  he 
considers  this  to  represent  a  fusion  of  the  two  dentitions, 
the  milk  set,  however,  predominating.  He  confirms  the 
observations  of  earlier  writers  as  to  the  primarily  hetero- 
dont  nature  of  the  cetacean  dentition  and  comes  to  the  con¬ 
clusion  that  the  homodont  dentition  of  these  animals  is 
secondary  and  largely  due  to  a  splitting  apart  of  the  com¬ 
ponent  conical  cusps  of  the  double  teeth.  In  like  manner 
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he  has  proved  the  diphyodont  condition  of  the  Edentata, 
and  in  Dasypus  he  has  described  three  additional  anterior 
vestigial  teeth.  But  he  is  surely  in  error  when  (29,  403-4) 
he  states  that  the  similarity  between  the  dentition  of  the 
cetacea,  edentates  and  marsupials  is  due  to  the  persistence 
of  the  first  dentition,  for  the  succession,  as  determined  in 
Tatusia  by  Rapp,  Kraus  (46),  Gervais  (36),  Flower  (25), 
Tomes  (24),  and  in  Orycteropus  by  Thomas  (14),  shows  that 
it  is  the  milk  or  first  dentition  which  is  transitional,  although 
in  the  first-named  genus  it  may  persist  for  some  time  as 
a  series  of  functional  and  rooted  teeth  while  the  adult  denti¬ 
tion  is  undoubtedly  the  replacing  or  second  set.  In  the  mar¬ 
supials  (27)  he  showed  for  the  first  time,  by  the  discovery 
of  an  almost  complete  series  of  rudimentary  germs  of  a 
second  set  of  teeth,  that  the  permanent  dentition  with  the 
exception  of  the  one  replacing  tooth  is  a  persistent  milk 
dentition.  He  has  thus  unconsciously  revived,  after  a  lapse 
of  twenty  years,  Owen’s  conclusions  on  this  question,  defi¬ 
nitely  showing  that  the  milk  dentition  is  not  of  secondary 
origin,  but  at  least  of  equal  antiquity  with  the  replacing 
one  ;  and  his  ultimate  conclusion  is  that  the  two  sets  of 
teeth  are  to  be  regarded  as  sister  dentitions. 

Rose  (30,  31),  who  had  been  working  at  the  development 
of  the  teeth  in  the  human  subject  previous  to  the  appearance 
of  Kukenthal’s  views,  took  up  this  new  departure  with  great 
energy,  and  has  since  published  about  twenty  papers  deal¬ 
ing  with  the  detailed  development  of  the  teeth  of  mammals, 
reptiles  and  fishes.  Among  the  marsupials  (32),  to  which 
he  has  largely  devoted  himself,  he  has  confirmed  Kuken- 
thal’s  conclusions,  but  he  considers  that  the  last  incisor,  in 
addition  to  the  replacing  premolar,  is  to  be  referred  to  the 
second  dentition,  a  view  which  I  have  endeavoured  to  show 
is  incorrect,  as  the  tooth  has  the  same  relations  as  the 
anterior  incisors,  which  are  undoubted  milk  teeth  (12). 
His  work  on  the  development  of  the  human  teeth  (30,  31, 
32)  forms  a  most  complete  memoir  of  that  subject,  as  also 
does  that  on  Didelphys  (32). 

In  his  description  of  the  dentition  of  the  wombat  (33) 
Rose  figures  what  he  considers  to  be  a  rudimentary  milk 
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dentition  succeeded  by  a  permanent  set  of  prismatic  teeth. 
T  his,  I  think,  is  not  the  natural  explanation  of .  his  own 
facts.  He  depicts  five  incisors  on  either  side,  above  and 
below,  but  of  the  upper  ones  two  are  small  and  calcified 
and  obviously  from  his  figure  represent  the  same  tooth  in  two 
generations,  this  is  [3  or  4,  so  we  see  that  one  incisor  has  been 
lost  from  the  upper  jaw,  probably  13,  the  remaining  three  in¬ 
cisors  represent  those  of  the  typical  diprotodonts  of  which  No. 
1  probably  is  the  persistent  tooth;  below  we  have  five  in¬ 
cisors,  ii,  2  and  4  being  vestigial  and  calcified,  while  13  and  5 
are  well  developed,  the  former  persisting  in  the  adult. 
There  is  not  the  slightest  reason  for  supposing  that  these 
larger  teeth  are  not  true  milk  teeth.  This  explanation 
brings  the  wombat  into  harmony  with  the  other  marsupials 
and  especially  the  macropididce. 

The  third  important  contributor  is  Leche  (34)  and  his 
work  covers  a  wider  range  among  the  mammalia.  While 
agreeing  with  the  last  two  authors  in  the  main,  he  believes 
that  the  milk  dentition  is  in  every  respect  older  than  the 
replacing  one.  His  researches  in  the  marsupials  include  a 
most  interesting  and  new  discovery  in  Myrmecobius  of  a 
number  of  small  calcified  teeth  representing  an  earlier  den¬ 
tition  than  the  milk  set.  This  I  have  verified  myself  in  the 
genus  named  and  probably  also  in  Phascologale ;  in  order  to 
distinguish  the  series  from  the  milk  set  I  shall  for  the  pre¬ 
sent  speak  of  it  as  the  premilk  dentition.  This  discovery 
relegates  the  milk  dentition  to  a  second  and  the  replacing 
teeth  of  the  higher  mammals  to  a  third  generation  of  teeth. 

The  animal  of  whose  dentition  Leche  has  published  the 
most  detailed  account  is  the  hedgehog,  in  which  he  has  dis¬ 
covered  a  very  curious  condition,  for  it  appears  that  quite  a 
number  of  the  milk  teeth  persist  in  the  adult  dentition,  viz. : — 

di3,  dpm2,  m  1-3 
di3,  dc,  dpm3,  m  1-3. 

This,  if  true,  would  rather  strengthen  the  time-honoured 
view  that  the  insectivora  are  very  primitive  mammals. 

Both  Leche  (34)  and  Kukenthal  (35)  in  the  seal,  and 
Rose  (31)  in  man,  have  come  to  the  conclusion  that  there 
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are  traces  of  a  third  set  of  teeth  succeeding  the  replacing 
set,  so  that  together  with  the  premilk  series  we  appear  to 
have  in  mammals  traces  of  four  dentitions,  viz.  : — 

ist,  or  premilk  dentition — minute  calcified  teeth  never 
functional,  present  in  Myrmecobius } 

2nd,  or  milk  dentition — generally  functional,  the  per¬ 
manent  dentition  of  marsupials  and  cetacea,  more 
or  less  temporary  in  the  higher  mammals. 

3rd,  or  replacing  dentition — functional  in  most  mammals, 
rudimentary  in  marsupials  and  cetacea. 

4th  dentition  (?) — rudimentary  in  Phoca  (?),  occasionally 
functional  in  man  (?). 

While  Leche  maintains  the  view  that  the  molars  belong 
to  the  milk  dentition  and  regards  them  as  simple  teeth, 
both  Kukenthal  and  Rose  consider  that  they  are  formed 
by  the  fusion  of  a  number  of  distinct  conical  reptilian  teeth. 
This  idea  is  not  a  new  one,  it  having  been  suggested  by 
Gervais  (36),  Gaudry  (37)  and  Dybowski  (38)  and  others  to 
explain  the  structure  of  the  elephant’s  and  ungulate’s  molars, 
but  Kukenthal  was  undoubtedly  the  first  to  apply  it  to  all 
mammals.  Rose  has  taken  up  this  view  very  strongly,  and 
he  attempts  to  prove  it  by  embryological  evidence,  especi¬ 
ally  by  what  he  has  observed  in  the  chameleon  (39),  where 
the  back  teeth  are  each  composed  of  three  cones,  which, 
according  to  him,  arise  independently  of  one  another,  this 
is  true  to  a  certain  extent ;  but  these  cusps  develop  under 
a  common  enamel  organ  and  there  is  no  indication  of 
their  ever  having  possessed  independent  organs  as  would 
have  been  the  case  if  they  were  distinct  teeth,  there  being 
merely  a  differentiation  of  the  cylindrical  enamel  epithelium 
over  each  cusp,  which  Rose  considers  sufficient  evidence 
in  favour  of  his  view.  Kukenthal  professes  (35)  to  have 
seen  in  the  walrus  the  fusion  of  two  rudimentary  molar 
germs  into  one,  but  unfortunately  he  does  not  figure  this 
interesting  find.  He,  however,  puts  forward  this  view  of 
the  molar  tooth  genesis  as  a  theory  drawn  particularly  from 

1  This  premilk  dentition  is  probably  analogous  to  that  seen  by  Leche 
in  Iguana  (40)  and  by  Rose  in  the  crocodile  (41 ). 
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the  consideration  of  reverse  process  seen  to  be  taking  place  in 
the  cetacea,  and  partially  from  palaeontological  evidence.  He 
first  (26)  adduced  Triconodon  in  proof  of  this  view,  regard¬ 
ing  the  molar  tooth  of  that  animal  as  a  product  of  the  fusion 
of  three  simple  reptilian  teeth  ;  but  in  his  later  paper  (29)  he 
puts  forward  the  view  that  the  multituberculata  are  the  forms 
which  best  demonstrate  this  point,  and  regards  the  three 
longitudinal  rows  of  cusps  seen  in  the  multituberculate  molar 
as  indicative  of  the  fusion  of  three  distinct  tooth  generations, 
each  consisting  of  a  number  of  similar  teeth.  In  the  molar 
of  the  higher  mammals  he  sees  only  two  tooth  generations 
represented,  viz. ,  the  milk  and  replacing  set.  This  last 
condition  is  exemplified  in  the  porpoise,  in  which  he  believes 
a  fusion  takes  place  between  the  two  dentitions  (28,  p.  41 1, 
fig.  89),  but  the  facts  which  he  there  describes  appear  rather 
indicative  of  the  formation  of  a  cusp  by  outgrowth  from  a 
simple  conical  tooth  with  far  less  effort  than  is  required  to  see 
in  them  the  fusion  of  two  distinct  dentitions.  His  belief  that 
the  “anlage”  of  the  would-be  successional  molar  becomes 
fused  with  that  of  the  milk  dentition  will  not  hold  for  all  mam¬ 
mals,  for  if  the  lingual  continuation  of  the  dental  lamina  (35, 
fig.  20,  f.  2c,  p.  iv.)  represents  the  anlage  of  the  replacing 
teeth  that  structure  can  be  seen  in  some  mammals  to  remain 
quite  distinct  from  the  adult  molar  and  in  the  end  to  gradu¬ 
ally  disintegrate,  as  the  growth  energy  is  abstracted  from  it 
by  the  larger  and  earlier  developed  tooth. 

We  find  then  that  at  present  sufficient  developmental 
evidence  is  not  forthcoming  to  justify  the  conclusion  that 
the  mammalian  molars  are  formed  by  the  fusion  of  distinct 
teeth.  With  regard  to  the  palaeontological  evidence,  that 
is  by  no  means  so  conclusive  as  Kiikenthal  seems  to  sug¬ 
gest,  for  the  majority  of  observers  in  this  branch  of  the 
study,  and  notably  Osborn  (43)  and  Schlosser  (44),  main¬ 
tain  that  the  tritubercular  tooth  is  the  primitive  mamma¬ 
lian  type  and  that  it  is  to  be  derived  from  the  simple  rep¬ 
tilian  cone,  not  by  fusion  with  two  other  teeth  but  by  the 
development  of  accessory  cusps  upon  outgrowths  of  the 
pulp  of  the  simple  tooth.  The  steps  in  this  evolution  they 
exemplify  by  such  forms  as  Dromotherium  and  Microconodon 
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of  the  trias  of  North  America,  which  may  therefore  be  as 
old  as  the  multituberculate  Tritylodon ,  the  molar  of  which 
Osborn  hopes  soon  to  prove  to  be  itself  a  specialised 
derivative  of  the  tritubercular  type. 

On  the  other  hand,  Forsyth  Major,  who  has  for  years 
paid  special  attention  to  this  subject  (42),  is  strongly  of 
opinion  that  the  primitive  mammalian  molar  was  polybunous 
in  character  ;  and  if  this  can  be  proved  to  be  the  case  the 
coalescence  theory  will  naturally  remain  the  simplest  and 
most  natural  explanation  of  the  origin  of  this  type  of  tooth 
from  the  reptilian  cone. 

Reconsideration  of  the  above-cited  facts  leads  us  to  the 
belief  (i.)  that  the  living  mammalia  show  traces  of  from 
three  to  four  distinct  generations  of  teeth,  and  consequently 
(ii.)  that  they  are  potentially  polyphyodont,  (iii.)  that  the  first 
set  is  vestigial  and  not  functional  in  any  living  mammal, 
(iv.)  that  the  second,  which  is  so  important  in  the  lower  mam¬ 
mals,  is  more  or  less  replaced  by  the  third  in  the  higher 
forms,  and  (v.)  that  this  third  dentition  remains  dormant  in 
the  marsupials  and  cetacea. 

The  point  requiring  immediate  and  renewed  investiga¬ 
tion  is  clearly  the  relation  and  mode  of  origin  of  the  molar 
teeth,  but  I  do  not  think  we  shall  be  able  to  make  much 
advance  towards  the  further  solution  of  the  general  problem 
by  embryological  so  fully  as  by  palaeontological  research. 
If  we  are  to  regard  it  as  proved  that  the  triconodont  tooth 
of  the  reptiles  is  formed  by  the  fusion  of  three  distinct 
teeth,  we  may  safely  apply  the  coalescence  theory  to  the 
mammalian  molar,  but  it  is  not  likely  that  the  latter 
would  retain  any  very  distinct  indications  of  its  originally 
distinct  elements,  especially  if,  as  seems  probable,  the  mam¬ 
malia  inherited  their  triconodont  tooth,  ready  formed  from 
their  reptilian  ancestor,  in  which  case  the  early  stages  in  the 
development  would  probably  by  now  have  been  suppressed 
and  the  whole  genesis  abbreviated. 

In  the  Ritter  lecture,  delivered  at  Jena  in  1892,  by  Kti- 
kenthal  (29),  some  very  interesting  views  were  put  for¬ 
ward  as  to  the  origin  of  the  mammalia,  with  special  refer¬ 
ence  to  the  dentition,  which  he  would  derive  from  some 
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lowly  form  of  theromorphous  reptile  and  not  from  the  more 
specialised  Theriodontia.  It  is  quite  possible  that  the  latter 
and  the  Mammalia  had  a  common  ancestor  ;  and  I  think  it  is 
not  improbable  that  the  teeth  ol  that  form  instead  of  being 
simple  cones  might  already  show  traces  of  heterodontism. 

The  process  of  evolution  of  the  specialised  heterodont 
dentition  of  the  Mammalia,  or  of  the  Theriodontia,  from  the 
simple  homodont  and  polyphyodont  dentition  of  the  lower 
Reptilia  would,  I  think,  necessarily  cause  a  reduction  in 
number  of  the  successional  sets  of  teeth,  due  to  an  enlarge¬ 
ment  of  one  set  and  a  consequent  abstraction  of  growth, 
energy  and  material  from  the  underlying  sets.  This 
specialisation  would  not  appear  in  the  first  generation  of 
teeth,  which  must  necessarily  be  of  small  size  from  its 
early  development  and  consequent  adaptation  to  the  small 
jaw  of  the  young  animal,  and  which  would  moreover  be 
required  for  temporary  use,  while  the  larger  and  more  com¬ 
plicated  dentition  was  developing.  The  increased  size  and 
specialisation  of  the  second  set  of  teeth  might  well  ab¬ 
stract  the  growth  energy  from  the  succeeding  third  and 
fourth  sets  which  will  consequently  become  much  re¬ 
tarded  and  eventually  cease  calcifying.  We  find  such  stages 
illustrated  by  Pameasaurus ,  where  the  first  dentition  has 
probably  been  shed,  the  second  is  functional  and  the  third 
is  becoming  reduced,  and  in  the  theriodonts,  where  the 
second  dentition  is  still  more  specialised,  no  traces  of  the 
development  of  a  third  set  is  known  (50,  51).  We  may 
thus  provisionally  conclude  that  the  earliest  mammalia  may 
have  possessed  only  two  calcified  sets  of  teeth,  one  of  these 
being  very  slightly  developed  and  quite  temporary ;  and 
this  tending  to  be  still  more  so  as  the  descendants  of  these 
animals  developed  their  larger  and  more  important  hetero¬ 
dont  dentition  earlier  and  earlier  ;  the  process  of  reduction 
would  go  on  until  this  first  (premilk)  dentition  became 
either  quite  suppressed,  as  it  is  in  the  majority  of  mammals, 
or  so  much  reduced  as  to  be  only  present  in  the  foetus  and 
never  cutting  the  gum  as  is  the  case  in  Myrmecobius  and 
possibly  Phascologale .  One  very  important  feature  con¬ 
cerned  in  the  suppression  of  this  set  of  teeth  in  the  early 
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mammalia  must  have  been  the  development  of  the  mammary 
glands,  which  by  providing  the  young  animal  with  food  would 
do  away  with  the  function  of  these  teeth,  which  were  so  neces¬ 
sary  to  the  young  reptile,  who  must  feed  himself  as  soon  as 
born. 

The  phase  in  which  the  polyphyodont  dentition  was  re¬ 
duced  to  a  single  functional  set  (the  milk  dentition  of  the 
higher  mammalia)  is  probably  represented  by  the  earlier 
mesozoic  mammals,  in  which  we  have  no  indication  of  any 
tooth  change. 

As  the  mammalia  became  more  advanced  in  their  or¬ 
ganisation  this  heterodont  second  dentition  took  a  stronger 
hold  and  developed  earlier,  then  the  third  set,  which  had 
perforce  lain  dormant,  began  to  reappear.  If  we  are  to  re¬ 
gard  the  tooth  succeeding  the  fourth  (third)  premolar  of  the 
marsupials  as  a  replacing  tooth,  which  I  have  shown  reasons 
to  doubt,  it  would  appear  to  have  been  the  first  of  the  third 
set  to  attain  functional  importance  ;  and  in  favour  of  this  view 
we  may  note  that  this  tooth  is  one  which,  owing  to  the  late 
development  of  the  molars,  is  primarily  the  most  posterior 
cheek  tooth,  and  is  of  great  importance  to  the  young  animal 
and  early  becomes  much  worn  and  so  needs  replacing  more 
than  the  anterior  teeth.  Thus  in  the  marsupials  we  find 
the  last  vestiges  of  the  first  set  of  teeth  (premilk  dentition), 
then  we  have  a  well-developed  functional  set,  the  second  or 
milk  dentition,  under  which  in  the  embryo  we  find  traces  of 
a  complete  set  of  germs  of  the  replacing  or  third  dentition, 
the  one  replacing  tooth  being  doubtfully  referred  to  this  set. 

In  the  Insectivora  we  find  the  next  stage  in  the  develop¬ 
ment  of  the  third  set  of  teeth,  for  in  the  hedgehog  replacing 
teeth  are  developed  to  the  following — 

ii,  12,  C,  pm3,  pmzg 
12,  pmzj.. 

the  rest  of  the  dentition  consisting  of  persistent  milk  teeth. 

In  the  majority  of  mammals  replacing  teeth  of  the  third 
set  are  developed  to  all  the  incisors,  the  canines  and  the 
three  posterior  premolars,  only  a  few  like  Hyrax  developing 
a  successor  to  the  first  premolar  which  in  other  cases  is  a 
persistent  milk  tooth. 
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If  we  do  not  regard  the  molar  teeth  as  representing  a 
fusion  of  several  dentitions  as  advanced  by  Rose  and  Kii- 
kenthal,  to  which  dentition  are  they  to  be  relegated  ? 
Leche,  Beauregard  and  Owen  have  considered  them  as 
belonging  to  the  milk  or  second  dentition,  while  I  have 
tried  to  show  that  they  belong  to  the  third  or  replacing  set. 
Owing  to  their  late  development  and  position  in  the  jaw 
these  teeth  are  much  specialised,  and  they  rarely  show  the 
slightest  trace  of  any  additional  dentitions  ;  but  such  struc¬ 
tures  have  been  observed  both  preceding  and  succeeding 
these  teeth.  Thus  we  find  traces  of  three  out  of  the  four 
dentitions  present  for  one  tooth,  and  the  whole  question 
then  turns  on  the  point  as  to  which  set  has  been  suppressed  ; 
if  it  is  the  first  then  the  molars  belong  to  the  third  replacing 
set,  as  Lataste,  Magitot  and  I  have  suggested ;  if,  on  the 
other  hand,  it  is  the  fourth  dentition  which  is  wanting,  then 
Leche  is  right  in  supposing  the  molars  to  belong  to  the 
milk  or  second  set. 

The  whole  process  of  the  first  appearance  of  the  molars 
is  so  involved  owing  to  the  loss  of  connection  between  the 
dental  lamina  and  the  gum  in  the  region  of  their  develop¬ 
ment  that  it  seems  very  doubtful  if  we  shall  find  any  very 
distinct  traces  of  additional  preceding  or  succeeding  teeth. 

Bateson  has  recently  described  (45)  a  large  and  varied 
number  of  abnormalities  affecting  teeth.  Many  of  these 
are  simple  sports  or  teratological  cases,  of  which  it  is  very 
difficult  to  offer  any  reasonable  explanation  ;  but,  on  the 
other  hand,  I  see  no  reason  to  doubt,  as  he  does,  that  the 
majority  of  those  cases  where  additional  teeth  are  present 
may  be  explained  by  the  supposed  increased  development 
of  some  pre-existing  tooth  germ  in  the  foetus,  especially 
as  we  now  know  of  so  many  cases  where  these  vestigial 
germs  do  exist  (9,  12,  15,  27,  32,  33,  34,  48),  and  as  these 
can  in  most  instances  be  identified  with  definite  teeth  in  the 
generalised  mammalian  dentition,  I  maintain  that  we  are 
perfectly  justified  in  trying  to  determine  by  comparison 
the  individual  homologies  of  these  additional  teeth,  and 
further  that  they  are  often  of  great  importance,  as  shown  by 
Thomas  in  Phascologale  (10).  Bateson’s  comparison  be- 
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tween  the  three  normal  and  four  abnormal  premolars  of  A  teles 
(49)  and  the  three  sides  of  an  equilateral  triangle  and  the 
four  sides  of  a  square  appears  to  me  a  little  fanciful  and  pre¬ 
mature,  as  I  think  it  almost  certain  that  when  we  examine 
the  development  of  the  teeth  in  that  form  we  shall  find  that 
the  germs  of  four  premolars  are  invariably  laid  down,  and 
that  a  definite  one  (retained  in  this  abnormal  specimen) 
always  degenerates. 
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RECENT  WORK  ON  THE  MORPHOLOGY  OF 
TISSUES  IN  THE  HIGHER  PLANTS. 


HP  HE  classification  of  tissues  proposed  by  Sachs  in  his 
1  Text-book  of  Botany  has  been  until  quite  recently 
the  arrangement  most  familiar  to  English  students.  Sachs’ 
three  systems  of  tissue,  the  Dermal,  the  Fascicular,  and  the 
Fundamental  or  Ground  Tissue,  have,  however,  a  merely 
descriptive  value,  and  cannot  claim  to  rest  on  any  consistent 
basis,  whether  physiological  or  morphological.  The  first 
two  systems  are  indeed  broadly  characterised  by  function, 
but  the  third  is  obviously  made  up  of  the  most  hetero¬ 
geneous  constituents,  performing  every  kind  of  physiologi¬ 
cal  work. 

That  the  arrangement  was  never  intended  to  be  a  strictly 
morphological  one  is  sufficiently  shown  by  the  fact  that  the 
Dermal  Tissue  includes  not  only  the  epidermis,  but  the  peri¬ 
derm,  a  secondary  formation  which  may  arise  from  any 
tissue  whatsoever,  and  is  only  in  exceptional  cases  of 
common  origin  with  the  epidermis. 

De  Bary’s  great  work  on  the  Comparative  Anatomy  of 
the  Phanerogams  and  Ferns,  invaluable  for  the  immense  mass 
of  well-ordered  detail  which  it  contains,  and  for  its  critical 
treatment  of  certain  developmental  questions,  did  little  for 
the  general  morphology  of  tissues.  The  “  Forms  of 
Tissue,”  to  which  the  first  part  of  the  book  is  devoted,  are 
classified  by  purely  histological  characters,  i. e. ,  according  to 

the  mature  structure  of  their  elements.  The  second  part 
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treats  of  the  arrangement  of  tissues,  but  except  for  the 
two  main  headings— primary  arrangement  and  secondary 
changes— there  is  little  attempt  at  a  natural  grouping. 
De  Bary’s  book,  while  unrivalled  as  a  storehouse  of  facts, 
perhaps  tends  to  leave  on  the  mind  of  the  reader  the  im¬ 
pression  that  anatomy  is  after  all  nothing  but  an  accumula¬ 
tion  of  detail,  and  that  a  morphology  of  the  tissues,  based 
on  homology,  and  comparable  to  that  of  external  organs, 
does  not  exist.  That  this  should  be  so  is  no  reproach  to 
the  author,  who  saw  clearly  that  a  scientific  morphology 
must  be  founded  on  development,  and  thought  that  the  de¬ 
velopmental  data  were  too  conflicting  to  form  a  satisfactory 
basis  for  classification  (1,  p.  22).  This  difficulty  still  exists; 
even  now  the  attempt  to  found  an  internal  morphology  of 
plants  has  only  met  with  very  partial  success.  The  prob¬ 
lem  is  of  great  complexity  and  will  probably  never  be 
completely  solved.  Still  the  attempt  has  been  made,  and 
has  given  new  life  to  the  study  of  anatomy. 

It  is  to  the. French  botanist  Van  Tieghem,  more  than 
to  any  other  individual,  that  the  recent  progress  of  internal 
morphology  is  due.  This  statement  involves  no  injustice 
to  the  Schwendenerian  school  in  Germany,  who  have  done 
excellent  service  to  anatomy,  but  from  quite  a  different 
point  of  view.  The  question  which  they  have  attacked  is 
that  of  the  functions  of  the  tissues,  and  the  classification  at 
which  they  have  arrived,  as  fully  set  forth,  ten  years  ago, 
in  Haberiandt’s  Physiological  Anatomy  of  Plants  (2),  is 
purely  physiological.  Such  a  classification,  though  just  as 
important  as  a  morphological  one,  is  no  substitute  for  the 
latter  (cf  Strasburger,  3).  What  we  want,  as  morpholo¬ 
gists,  is  to  trace  the  homologies  of  the  tissues,  and  to  find 
out,  so  far  as  we  can,  how  the  various  forms  and  systems 
of  tissue  have  arisen  in  the  course  of  descent.  That  they 
have  been  modified  at  every  step,  and  in  every  direction, 
in  relation  to  changing  function,  is  obvious  ;  we  cannot, 
however,  be  content  with  an  arrangement  based  solely  on 
the  functions  which  they  happen  to  discharge  at  the  present 
stage  of  evolution. 

Van  Tieghem’s  anatomical  system  is  best  understood 
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if  we  remember  that  he  started  with  the  consideration  of 
the  root.  Apart  from  more  special  researches,  his  first 
comprehensive  work  on  general  anatomy  was  devoted  to 
this  organ  (4),  and  to  that  work  our  knowledge  of  the 
comparative  structure  of  the  root  (so  wonderfully  uniform 
in  its  main  features)  in  the  various  classes  of  vascular 
plants,  is  very  largely  due.  The  work  in  question,  though 
intended  to  treat  generally  of  the  “  symmetry  of  structure  ” 
in  vascular  plants,  never  advanced  beyond  the  root,  a  fact 
which  invited  criticism.  It  has,  however,  borne  abundant 
fruit  in  later  years.  Broad  views  on  anatomical  questions 
are  likely  to  be  attained  by  those  who  begin  with  the 
investigation  of  entire  organs,  rather  than  of  special  forms 
of  tissue,  and  the  fact  that  the  organ  chosen  by  Van 
Tieghem  was  one  in  which  the  systems  of  tissue  stand  out 
more  clearly  than  in  any  other  was  fortunate  for  botany. 
In  his  Treatise  on  Botany  (5),  Van  Tieghem  keeps  to  the 
same  order,  and  describes  the  structure  of  the  root  before 
that  of  the  stem  and  leaf. 

The  characteristic  feature  of  the  anatomical  teaching  of 
Van  Tieghem  and  his  school,  is  the  recognition  of  the 
central  cylinder  or  stele ,  as  a  definite  region  comparable  to 
cortex  and  epidermis.  In  the  root  the  arrangement  is 
clear  enough.  The  central  cylinder  is  perfectly  well  defined, 
including  within  it  the  ring  of  alternating  bundles  of  wood 
and  bast,  accompanied  by  a  certain  amount  of  parenchyma 
(conjunctive  tissue),  the  outer  layer  of  which  constitutes  the 
pericycle,  or  limiting  layer  of  the  stele,  so  important  from 
its  various  generative  activities.  Surrounding  this  is  the 
cortex,  the  inner  layer  of  which  is  the  endodermis,  and  on 
the  outside  of  the  cortex  there  is  the  piliferous  layer,  which 
however  is  not  in  all  cases  recognised  by  Van  Tieghem  as 
a  morphologically  distinct  epidermis. 

Now  the  French  botanist  applies  just  the  same  prin¬ 
ciples  to  the  stem.  Here  also  he  distinguishes  three 
regions,  central  cylinder,  cortex,  and  epidermis  (5,  p.  737). 
The  cylinder  is  made  up  of  the  vascular  bundles,  and  of 
conjunctive  tissue.  The  pith  is  the  part  of  the  conjunctive 
tissue  which  lies  within  the  bundles,  that  lying  between 
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them  constitutes  the  primary  medullary  rays,  while  the 
conjunctive  tissue  outside  the  bundles  is  the  pericycle,  often 
less  obvious  than  in  the  root,  but  characterised  by  the^same 
power  of  forming  new  tissues  and  organs. 

Now  the  views  just  explained  are  essentially  different 
from  those  of  De  Bary.  The  latter  author  does  not  recog¬ 
nise  the  central  cylinder  in  the  stem  at  all  (except  incident¬ 
ally,  in  discussing  the  apical  development).  In  the  case 
of  the  root  he  describes  the  central  cylinder  as  a  single 
vascular  bundle  (comparable  therefore  to  any  one  of  the 
numerous  collateral  bundles  of  a  typical  Phanerogamic 
stem).  Hence  there  is  no  attempt  to  bring  out  the 
homology  between  root  and  stem,  while  in  Van  Tieg- 
hem’s  system  the  recognition  of  this  homology  gives  the 
clue  to  the  whole  anatomy.  The  central  cylinder  of  the 
root  is  beyond  question  directly  continuous  with  that  of  the 
stem,  and  not  with  any  single  bundle.  The  individual 
xylem  and  phloem-strands  of  the  root  are  continuous  with 
those  constituting  the  vascular  bundles  of  the  stem,  though 
of  course  differently  arranged.  The  mistaken  opinion  that 
the  central  cylinder  of  the  root  is  a  single  vascular  bundle 
arose  from  the  exaggerated  importance  attached  to  the  idea 
of  the  vascular  bundle.  As  a  matter  of  fact  such  bundles, 
in  the  sense  of  conjoint  “  liberoligneous  ’  strands,  do  not 
exist,  as  such,  in  the  root ;  the  groups  of  xylem  and  phloem 
are  here  separate  from  one  another.  In  order  to  force  the 
root  into  the  vascular  bundle  scheme  it  was  necessary  to 
make  a  single  bundle  of  its  whole  central  cylinder,  and 
thus  the  entire  morphology  of  the  vascular  tissues  was 
obscured. 

The  limitation  of  the  central  cylinder  in  the  stem  pre¬ 
sents  much  greater  difficulties  than  in  the  root.  This  is 
owing,  in  the  first  place,  to  the  intimate  relation  between 
the  vascular  system  of  the  stem  and  that  of  the  leaves.  In 
the  great  majority  of  Phanerogams,  and  in  some  Cryptogams, 
all  the  vascular  bundles  are  u  common  to  leaf  and  stem, 
so  that  every  bundle  in  the  central  cylinder  of  the  stem  is 
directly  continuous  with  one  which  passes  out  into  a  leaf. 
Hence  at  every  node  the  continuity  of  the  main  stele  is 
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interrupted,  and,  where  the  leaves  are  crowded,  the  limits 
of  the  stele  as  a  whole  may  be  difficult  to  recognise.  This 
however,  though  a  difficulty,  is  not  an  objection.  The 
stele  is  none  the  less  a  distinct  region  in  the  stem  because 
it  possesses  prolongations  into  the  leaves. 

In  the  internodes  themselves,  however,  there  is  often  a 
much  less  definite  outer  limit  to  the  stele  in  the  stem  than 
in  the  root.  The  endodermis,  which  in  the  latter  organ 
forms  so  characteristic  an  inner  boundary  to  the  cortex,  is 
not  always  obvious  in  the  stem,  though  often  it  is  so.  The 
same  remark  applies  to  the  pericycle.  In  the  root  this 
layer  was  recognised  by  Nageli  and  Leitgeb  (under  the 
name  of  pericambium)  as  long  ago  as  1867.  The  presence 
of  a  corresponding  zone  in  the  stem  was  first  established 
by  Van  Tieghem  in  1882  (6)  and  more  fully  demonstrated 
by  Morot  in  1885  (7).  The  limit  between  pericycle  and 
cortex  is  of  course  difficult  to  recognise  where  the  en- 
dodermis  is  not  specially  differentiated.  Still,  by  studying 
the  development,  and  by  tracing  the  connection  with  the 
tissues  of  the  main  root,  the  boundary  can  be  sufficiently 
well  traced.  In  any  case  the  occasional  want  of  a  sharp 
limit  to  the  stele  is  no  argument  against  its  recognition  as 
a  distinct  anatomical  region,  any  more  than  the  existence 
of  decurrent  leaves  is  an  argument  against  the  morphologi¬ 
cal  distinction  between  leaf  and  stem. 

Where  the  vascular  bundles  bend  out  from  the  stem 
into  the  leaf,  they  are  accompanied  by  conjunctive  tissue. 
The  name  meristele  is  now  applied  by  Van  Tieghem  to  a 
bundle  or  group  of  bundles  entering  a  leaf,  with  their  en¬ 
veloping  conjunctive  tissue  (8,  p.  284).  Thus  we  see  that 
the  stelic  tissue  of  the  whole  plant  is  continuous  through  all 
its  organs,  root,  stem,  and  leaf  (cf.  Strasburger,  3,  p.  111). 

So  far  reference  has  only  been  made  to  the  typical 
stems  of  Phanerogams,  in  which  there  is  a  single  central 
cylinder  forming  the  direct  continuation  of  that  of  the  main 
root.  This  “  monostelic  ”  condition  is  constant  in  the 
embryonic  stem  of  all  vascular  plants.  In  many  vascular 
Cryptogams,  however,  and  in  two  Dicotyledonous  genera 
( '  Gunn  era  and  Primula ,  section  Auricula )  the  cylinder 
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divides  up,  above  the  hypocotyl,  so  that  the  transverse 
section  shows  a  number  of  equivalent  steles,  each  of  which 
repeats  in  essentials  the  characters  of  the  single  central 
cylinder  of  the  embryonic  stem.  This  is  the  case  (according 
to  the  interpretation  of  Van  Tieghem  and  his  school)  in  most 
Ferns,  and  in  many  Selaginellas,  as  well  as  in  the  excep¬ 
tional  Dicotyledons  above  mentioned  (9  and  5).  Accord¬ 
ing  to  De  Bary’s  terminology  each  stele  of  these  polystelic 
stems  is  simply  a  single  concentric  bundle.  The  researches 
of  Leclerc  du  Sablon  (10),  who  has  investigated  the  transi¬ 
tion  from  root  to  stem  in  many  Ferns,  seem  to  show  con¬ 
clusively  that  here,  at  any  rate,  the  strands  in  question  are 
best  regarded  as  steles.  We  must  not,  however,  exagger¬ 
ate  the  importance  of  the  distinction.  Every  gradation  can 
be  found  between  the  most  obvious  stele  and  a  single 
vascular  bundle.  The  transition  can,  for  example,  be.  traced 
in  following  the  vascular  system  of  the  leaf  in  almost  any 
Fern.  We  reach  a  point  at  which  the  structure  of  the  stele 
is  so  simplified  that  it  becomes  a  matter  of  indifference 
whether  the  term  stele  or  bundle  be  used.  Even  in  the 
stems  and  petioles  of  Marattiacese,  where  the  steles  are  of 
large  size,  and  must  each  be  regarded  as  including  a  number 
of  vascular  bundles,  we  find  a  structure  very  different  from 
that  of  the  typical  central  cylinder  of  a  monostelic  stem  ;  for 
all  the  protoxylem  groups  are  on  the  same  side  of  the  wood, 
being  directed  towards  the  centre  of  the  organ.  Here,  and 
in  many  similar  cases,  the  strand  termed  by  Van  Tieghem 
a  stele,  while  representing  much  more  than  a  single  vascu¬ 
lar  bundle,  does  not  really  correspond  in  structure  with  the 
entire  cylinder  of  an  ordinary  stem,  though  in  other  cases 
again,  the  correspondence  is  complete.  Still,  the  fact  re¬ 
mains,  that  in  the  plants  in  question  the  central  cylinder  of 
the  embryo  is  not  continued  as  such  into  the  upper  part  of 
the  stem,  but  divides  up,  or  branches  out,  into  a  number  of 
distinct  stelic  masses,  which  lie  embedded  in  the  paren¬ 
chyma. 

Polystely,  though  so  remarkable  a  modification  from 
an  anatomical  point  of  view,  is  not  necessarily  of  any  im¬ 
portance  as  a  taxonomic  character,  for  not  only  do  closely 
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allied  species  differ  as  regards  their  polystely  or  monostely, 
but  even  in  one  and  the  same  shoot  we  may  find  a  transi¬ 
tion  from  the  one  condition  to  the  other,  and  back  again 
{eg.,  Gunner  a  magellanica ,  N ep  hr olepis). 

It  is  unnecessary  to  follow  the  modifications  of  polystelic 
structure  in  detail,  as  the  views  of  Van  Tieghem  have  lately 
been  embodied  in  an  English  text-book  (see  Vines,  11). 

Another  departure  from  typical  structure  is  described 
by  Van  Tieghem  under  the  name  of  astely  (5,  p.  764.), 
or  more  precisely,  as  schizostely  (8,  p.  285).  This  is 
characterised  by  the  fact  that  the  stele  completely  breaks 
up  into  the  individual  bundles,  each  surrounded  by  its  own 
peridesm 1  and  endodermis,  the  cylinder  thus  ceasing  to 
exist  as  a  whole.  Typical  examples  are  found  in  E quisetum 
limosum ,  and  other  species,  in  Nymphceo ,  aquatic  species 
of  Ranunculus ,  etc.  The  French  anatomist  now  regards 
all  species  of  Equisetum  as  essentially  astelic  (except  of 
course  in  the  embryonic  stem).  The  apparently  monostelic 
structure  in  E .  arvense ,  etc.,  is  explained  as  arising  from 
a  re-fusion  of  the  distinct  bundles,  “  dialydesmy  ”  thus 
becoming  converted  into  “gamodesmy”  (13). 

Astely,  as  Strasburger  has  pointed  out  (3,  p.  312),  a 
weak  point  in  Van  Tieghem’s  system.  There  is  really  no 
essential  difference  between  the  monostelic  and  the  astelic 
Ranunculi,  for  example,  except  the  presence  in  the  latter 
of  a  distinct  endodermis  around  each  bundle.  It  is  un¬ 
reasonable  to  regard  the  central  ground-tissue  of  R.  aquati- 
lis  as  homologous  with  the  cortex,  while  in  R.  repens  it  is 
a  true  pith.  Strasburger’s  view  that  there  is  a  single  stele 
in  all  these  cases,  but  that  its  limits  have  become  indefinite 
in  the  aquatic  species,  seems  to  do  less  violence  to  the  facts 
than  the  interpretation  of  Van  Tieghem. 

The  importance  attached  to  the  endodermis  as  a 
limiting  layer  is  in  fact  altogether  exaggerated  in  Van 
Tieghem’s  system.  The  appearance  of  a  differentiated 

1  Peridesm  is  the  conjunctive  tissue  at  the  periphery  of  any  portion  of 
a  subdivided  stele,  and  is  now  distinguished  from  the  pericycle  which  sur¬ 
rounds  an  entire  stele  (see  Van  Tieghem,  12). 
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endodermis  around  a  vascular  bundle  has  only  a  physiologi¬ 
cal  significance,  and  cannot  change  the  homologies  of  the 
surrounding  tissues.  Pfitzer  (14)  showed  long  ago  that 
in  some  Equiseta  mere  strands  of  parenchyma  may  be 
surrounded  by  their  own  endodermis ;  yet  no  one  would 
regard  such  strands  as  homologous  with  vascular  bundles 
or  with  steles. 

Van  Tieghem,  in  his  Treatise  on  Botany ,  has  a  section 
on  the  return  from  polystelic  or  astelic  to  monostelic 
structure  (5,  p.  767).  In  the  pedicel  of  an  Auricula,  for 
example,  the  separate  steles  first  become  fused  laterally, 
giving  rise  to  the  “  gamostelic  ”  condition,  and  next  the 
internal  phloem,  pericycle,  and  endodermis  disappear,  so 
that  a  typical  monostelic  structure  is  assumed.  Here  it  is 
evident  that  the  pith  of  the  monostelic  pedicel  is  the  direct 
continuation  of  the  “  internal  cortical  tissue  ”  of  the  poly¬ 
stelic  part  of  the  stem.  The  author  warns  us,  it  is  true, 
against  confusing  such  stems,  which  have  become  mono¬ 
stelic  by  reduction,  with  truly  monostelic  organs  ;  there  is, 
however,  no  distinction  whatever  in  their  structure.  Cases 
such  as  these  warn  us  that  the  theory  of  polystely  must  not 
be  applied  too  rigidly,  if  we  would  avoid  forced  interpreta¬ 
tions. 

The  fundamental  question  now  arises :  Does  the 
distinction  of  the  great  anatomical  regions,  stele,  cortex 
and  epidermis,  rest  on  a  satisfactory  developmental  basis  ? 
Can  we  trace  definite  histogenetic  layers,  whether  in  the 
actual  embryo,  or  in  the  growing  points,  from  which,  and 
from  which  alone,  the  definitive  histological  regions  are 
respectively  derived  ? 

The  whole  subject  of  histogenesis  is  far  too  large  to  be 
treated  of  in  this  article  ;  but  some  attempt  may  be  made 
to  indicate  the  present  position  of  the  question. 

The  great  majority  of  plants  differ  from  animals  in  being 
permanently  embryonic  :  that  is  to  say,  they  retain,  through¬ 
out  their  whole  life,  portions  of  undifferentiated  tissue  in 
their  growing  points,  which  continue  to  give  rise  to  new  ' 
organs  and  new  tissues,  until  the  life  of  the  whole  plant  is 
at  an  end.  Exceptions  to  this  rule  are  very  rare.  Ludwig 
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Koch  has  recently  shown  (15,  p.  452)  that  in  some  lilies  the 
growing  point  of  the  stem  altogether  perishes,  at  a  time 
when  the  stem  is  scarcely  half-grown,  so  that  the  later 
stages  of  development,  so  far  as  that  particular  stem  is 
concerned,  are  gone  through  in  the  absence  of  any  embry¬ 
onic  tissue.  If  the  same  thing  occurred  in  an  entire  plant, 
as  may  perhaps  be  the  case  in  some  annuals  or  other 
monocarpic  plants,  we  should  have  a  mode  of  development 
in  which  the  whole  of  the  embryo  becomes  converted  into 
permanent  tissue.  In  plants  generally,  however,  the 
reverse  is  the  case.  The  embryo,  as  it  exists  in  the  seed, 
does  not  directly  give  rise  to  the  entire  organism,  but 
embryonic  development  is  continued  in  every  separate 
growing  point.  Hence,  perhaps,  it  is  that  the  study  of 
embryology,  in  the  ordinary  sense,  has  led  to  less 
important  results  in  the  vegetable  than  in  the  animal  king¬ 
dom,  though  this  fact  is  also  due  to  the  extreme  meagre¬ 
ness  of  our  present  knowledge  of  the  embryology  of  plants. 

The  application  of  the  term  embryonic  tissue  to  the 
meristem  of  all  growing  points,  which  has  become  so  general 
of  late  years  (cf  Sachs,  16,  p.  503),  is  not  without  its 
dangers.  We  must  not  suppose  that  the  meristem  of  a 
growing  point,  in  a  plant  at  an  advanced  stage  of  develop¬ 
ment,  is  really  identical  with  the  meristem  of  the  actual 
embryo.  Suppose,  for  example,  to  take  a  concrete  instance 
from  our  immediate  subject,  that  we  wished  to  determine 
whether,  in  a  particular  case,  the  polystelic  or  the  mono- 
stelic  condition  of  the  stem  was  the  more  primitive.  The 
study  of  the  growing  points  in  an  advanced  specimen  of  the 
plant  would  not  help  us.  We  should  find  that  if  the  branch 
were  polystelic  so  would  be  its  growing  point  also  ;  from 
the  earliest  differentiation  of  tissues  at  the  apex,  the  full 
number  of  steles  would  be  present.  This  is  the  case  even 
in  a  genus  like  Gunnera ,  in  which  we  have  every  reason 
to  believe  that  polystely  is  a  recently  acquired  character. 
Only  by  having  recourse  to  the  embryo  itself,  to  the  first- 
formed  parts  of  the  stem,  could  we  satisfy  ourselves  that 
monostely  precedes  polystely  in  the  course  of  development. 
The  same  principle  holds  good  throughout.  A  given 
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growing  point,  under  normal  conditions,  is  only  adapted  to 
produce  the  particular  order  of  branch  to  which  it  belongs  ; 
its  development  does  not  necessarily  throw  any  light  on  the 
way  in  which  the  structure  first  arose.  Hence  the  theory 
of  recapitulation,  however  true  of  the  development  of  the 
plant  as  a  whole,  need  not  apply  at  all  to  the  apical  develop¬ 
ment  in  a  plant  which  is  no  longer  an  embryo.  To  the 
neglect  of  this  distinction  we  may  perhaps  attribute  the  fact 
that  the  recapitulation-theory  has  never  been  adequately 
tested  in  the  vegetable  kingdom. 

In  considering  the  subject  of  histogenetic  layers,  we 
have  therefore  to  distinguish  two  questions  :  (i)  Do  such 
layers  exist  in  the  embryo  ?  (2)  Can  they  be  traced  in  the 

various  growing  points,  at  any  stage  of  growth  ? 

As  regards  the  former  question,  it  is  probable,  judging 
from  the  comparatively  few  cases  which  have  been  investi¬ 
gated,  that  in  the  main  axis  of  the  embryo  such  a  differen¬ 
tiation,  into  plerome,  periblem  and  dermatogen,  giving  rise  to 
stele,  cortex,  and  epidermis,  does  exist  (see,  besides  the  older 
literature,  Chauveaud,  17).  There  is  no  need  to  dwell  on 
these  phenomena,  which  have  been  familiar  to  botanical 
students  for  many  years  ;  we  can  only  wish  that  the  con¬ 
clusions  rested  on  a  somewhat  broader  basis.  There  is, 
however,  a  fatal  objection  to  anything  like  a  theory  of 
“germinal  layers”  in  plants,  as  was  clearly  pointed  out  by 
De  Bary  in  his  criticism  of  Famintzin  (1,  p.  23).  The 
plerome  of  the  embryo  may  give  rise  to  the  whole  vascular 
system  of  the  main  axis,  but  it  certainly  has  nothing  to  do 
with  the  origination  of  the  same  system  in  the  lateral  ap¬ 
pendages  of  the  stem.  Such  appendages  are  of  exogenous 
origin,  and  there  is  no  doubt  that  their  vascular  tissues,  like 
all  their  other  tissues,  arise  from  the  outer  layers  of  meri- 
stem  of  the  parent  organ,  and  not  from  its  plerome.  The 
converse  case  occurs  in  the  root,  where  the  appendages  are 
endogenous.  In  Phanerogams  all  the  tissues  of  a  lateral 
root  arise  from  the  pericycle,  and  thus  belong  to  the 
plerome  of  the  main  root,  while  in  vascular  Crypto¬ 
gams  they  arise  from  the  endodermis,  and  are  thus  all 
alike  of  cortical  origin.  Hence  it  is  impossible  to  derive 
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the  tissues  of  the  entire  plant  from  special  germinal 
layers. 

Passing  on  to  the  question  of  histogenetic  layers  in  the 
apical  meristem  of  growing  points,  the  problem  is,  of  course, 
different  for  plants  which  grow  by  means  of  a  single 
apical  cell,  and  for  those  which  have  a  small-celled  apical 
group.  In  the  former  case,  as  the  apical  cell  gives  rise 
to  all  tissues  alike,  the  question  is  whether  the  early 
division  walls  of  the  segments  mark  out  the  boundaries 
between  the  principal  systems  of  tissue.  Certainly  the 
mere  order  of  succession  of  the  walls  has  no  constancy. 
Thus,  according  to  Van  Tieghem,  while  in  most  Ferns 
the  first  tangential  septum  marks  the  limit  between  inner 
and  outer  cortex,  and  the  second  defines  the  central  cylin¬ 
der,  in  Osmunda  and  Todea  the  order  is  reversed  (18). 
In  the  former  case  endodermis  and  pericycle  are  more 
nearly  related  to  one  another  than  are  the  two  layers  of 
the  cortex.  From  this  and  numerous  similar  instances  it 
is  evident  that  the  order  of  appearance  of  the  cell-walls 
does  not  correspond  with  the  relative  importance  of  the 
subsequent  differentiation. 

In  a  monostelic  stem  ( e.g .,  a  stolon  of  Nephrolepis ),  the 
first  tangential  wall  corresponds  to  the  outer  limit  of  the 
central  cylinder.  In  polystelic  stems  of  other  Ferns  the 
same  wall  marks  the  outer  limit  of  the  ring  of  steles,  but 
here  a  great  part  of  the  tissue  to  the  inside  ol  this  wall  forms 
part  of  the  cortex,  according  to  Van  Tieghem’s  use  of  the 
term.  It  is  evident  that  in  this  case  the  cortical  tissue 
between  the  steles  is  of  common  origin  with  the  steles 
themselves,  yet  the  distinction  between  these  regions  is, 
according  to  Van  Tieghem,  the  most  fundamental  in  ana¬ 
tomy.  It  may  seem  trivial  to  dwell  on  such  minutiae  of 
development,  but  we  must  remember  that  in  other  cases 
the  most  important  morphological  distinctions  have  been 
based  on  equally  slight  differences  of  origin.  T  hus  in  the 
development  of  the  root,  the  piliferous  layer  arises  in  nearly 
all  Dicotyledons  from  the  outermost  part  of  the  meristem, 
and  is  thus  of  common  origin  with  the  root  cap,  while  in 
the  Monocotyledons  generally,  the  piliferous  layer  is  derived 
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from  the  middle  meristematic  group,  and  is  thus  of  common 
origin  with  the  cortex.  On  this  distinction  Van  Tieghem 
(5  and  19)  bases  the  statement  that  the  root  of  most  Mono¬ 
cotyledons  has  no  epidermis,  while  that  of  Dicotyledons 
possesses  a  true  epidermis.  The  strict  application  of 
such  a  principle  would  surely  lead  to  very  inconsistent 
results. 

Returning  to  plants  with  an  apical  cell,  we  may  safely 
conclude  that,  with  the  solitary  exception  of  the  origin  of 
the  root  cap,  the  first  tangential  cell-walls  do  not  constantly 
mark  out  the  main  histogenetic  layers,  from  which  the 
principal  system  of  tissues  is  derived.  Such  layers  arise 
in  different  ways  in  different  cases,  and  at  various  distances 
from  the  apex. 

As  regards  the  Phanerogams,  the  researches  of  Van 
Tieghem  and  Douliot  (19)  appear  to  show  that  in  roots, 
at  any  rate  at  their  first  origin,  the  histogenetic  layers  are 
really  distinct.  We  may  be  permitted  to  doubt  whether 
they  always  remain  so  throughout  the  entire  develop¬ 
ment. 

The  question  as  to  the  apex  of  the  stem  in  flowering 
plants  is  really  in  a  state  of  chaos,  and  we  cannot  claim 
to  have  made  any  advance  since  the  days  of  Sanio  and 
Hanstein.  A  paper  published  by  Douliot  in  1890  (20) 
attempted  to  set  the  matter  at  rest.  He  adopted  the 
view  that  in  Gymnosperms,  as  in  most  vascular  Cryptogams, 
there  is  a  single  apical  cell,  but  his  figures  fail  to  support 
this  conclusion.  Among  the  Angiosperms,  Douliot  found 
in  Dicotyledons  generally  the  three  initial  layers  required 
by  the  theory  of  Hanstein,  while  in  most  Monocotyledons, 
he  reduced  them  to  two,  plerome  and  periblem  having  a 
common  initial  group. 

Almost  simultaneously  with  Douliot’s  paper  a  work 
appeared  by  Ludwig  Koch  on  the  apex  of  the  stem  in 
Gymnosperms  (21).  He  decides  against  the  existence  of 
an  apical  cell,  and  his  figures,  drawn  from  microtome  sec¬ 
tions,  appear  to  be  quite  conclusive  on  this  point.  Just  as 
little,  however,  does  he  support  the  theory  of  histogenetic 
layers.  He  finds,  in  agreement  with  previous  observers, 
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that  even  the  dermatogen  is  not  constantly  distinct  in 
Gymnosperms,  the  outermost  apical  layer  undergoing 
periclinal  divisions  and  thus  contributing  to  cortex  as  well 
as  to  epidermis.  Neither  does  Koch  find  any  distinct 
initial  group  for  the  central  cylinder  ;  on  the  contrary,  he 
finds  that  the  supposed  plerome  gives  rise  to  the  pith  only, 
which  is  the  first  tissue  to  be  differentiated,  the  procambial 
strands  arising  from  the  so-called  periblem.  This  is  to 
some  extent  a  return  to  the  views  of  Sanio  and  Russow. 

A  more  recent  paper  by  Koch,  already  referred  to 
(15),  is  of  great  interest  from  this,  as  well  as  from  other 
points  of  view,  and  deals  the  heaviest  blow  at  the  theory 
of  Hanstein  which  it  has  yet  received.  So  long  as  the 
evidence  against  this  theory  was  merely  negative,  depend¬ 
ing  on  the  frequent  impossibility  of  distinguishing  the 
histogenetic  layers  at  the  apex,  it  was  always  open  to  its 
supporters  to  argue,  with  Van  Tieghem  (5,  pp.  697  and 
776),  that  our  conclusions  must  be  drawn  from  the  cases 
where  the  layers  are  distinct,  and  that  their  want  of  dis¬ 
tinctness  in  other  cases  is  merely  due  to  displacements  of 
the  initial  cells. 

The  special  merit  of  Koch’s  work  consists  in  the  fact 
that  he  has  compared  similar  growing  points  of  the  same 
plant,  at  different  stages  of  development  of  the  shoot.  He 
finds  that  while,  in  Angiosperms,  the  dermatogen  remains 
distinct,  the  number  of  layers  of  “  periblem  ”  varies  accord¬ 
ing  to  the  stage  of  growth.  Thus  in  the  lilac  (15,  p.  401), 
if  a  growing  point  be  examined  between  two  periods  of 
leaf-formation,  a  single  initial  layer  of  “  periblem  ”  is  found. 
When,  however,  a  new  pair  of  leaves  is  in  process  of 
origination,  this  layer  undergoes  periclinal  divisions  into 
three  or  four  layers,  the  apparent  limit  between  periblem 
and  plerome  becoming  less  distinct.  At  the  next  phase, 
when  the  origination  of  new  leaves  has  ceased  for  the 
moment,  we  find  the  one  initial  layer  again,  and  so  on. 
Similar  results  were  obtained  in  Berberis  (15,  p.  412). 
Now  it  is  evident  that  this  variation  in  the  number  of 
apparent  periblem-layers,  proves  that  they  are  not  perma¬ 
nently  distinct  as  histogenetic  initials.  The  same  layer 
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which  at  one  time  gives  rise  to  cortex  must  at  another 
phase  of  growth  contribute  to  the  plerome.  Koch’s  ob¬ 
servations  seem  fatal  to  the  theory  of  histogenetic  layers 
as  regards  the  plants  in  question. 

In  Angiosperms,  as  well  as  in  Gymnosperms  Koch 
believes  that  Hanstein’s  plerome  is  nothing  but  the  young 
pith  (15,  pp.  394,  401).  He  does  not,  however,  find  a 
distinct  initial  group,  even  for  the  pith,  though  that  is  the 
first  tissue  to  become  recognisable.  According  to  his 
views,  the  embryonic  tissue  of  the  apex  grows  as  a  whole, 
and  neither  the  pith  nor  any  other  tissue  has  any  need  of 
a  special  histogenetic  layer. 

The  conclusion  which  appears  to  follow  from  our  pre¬ 
sent  knowledge  of  the  development  of  growing  points,  is 
that  the  lines  of  cell-walls  nearest  the  apex  do  not  necessarily 
mark  the  limits  of  the  most  important  tissue-systems.  As 
Sachs  long  ago  showed,  the  direction  of  the  cell-walls  is 
quite  independent  of  the  nature  of  the  organ  ;  a  young  hair 
and  a  young  embryo  may  present  an  exactly  similar  arrange¬ 
ment  of  their  cells  (22). 

In  Cornier  pa  differentiation  goes  on  without  the  forma¬ 
tion  of  any  cell-walls  at  all  ;  in  such  Algae  as  Stypocaulon , 
though  segmentation  occurs,  morphological  differentiation 
(branching)  begins  in  the  apical  cell  itself,  before  any  cell- 
walls  have  been  formed,  while  in  the  closely  allied  Sphace- 
laria  the  reverse  is  the  case.  So  too  with  the  internal  mor¬ 
phology  ;  the  systems  of  tissues  may  begin  to  differentiate 
at  a  greater  or  less  distance  from  the  actual  apex  ;  their 
boundaries  may  or  may  not  follow  those  lines  of  cell-walls 
which  happen  to  be  first  formed. 

An  interesting  paper  by  Plot  (23)  has  recently  appeared, 
bearing  on  the  differentiation  of  the  tissues.  The  paper  is 
written  from  the  point  of  view  of  Hansteinand  Douliot,  but 
this  does  not  essentially  affect  his  main  results.  Flot’s  chief 
conclusion  (based  principally,  though  not  exclusively,  on  the 
investigation  of  Dicotyledons)  is  that  there  is  a  definite 
“  perimedullary  zone  ”  within  the  ring  of  vascular  bundles, 
corresponding  in  many  respects  to  the  pericycle  at  their 
outer  margin.  This  perimedullary  zone  is  quite  distinct 
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from  the  pith  itself.  The  cells  from  which  the  central 
cylinder  is  derived,  divide  by  lateral  (periclinal)  walls  to 
form  the  “  vascular  meristem,”  and  by  walls  at  right  angles 
to  the  axis  (anticlinal)  to  form  the  true  pith,  or  inner 
conjunctive  tissue.  The  vascular  meristem  ”  of  Plot 
gives  rise  to  the  vascular  bundles  and  to  the  outer  con¬ 
junctive  tissue,  which  includes  the  pericycle,  the  primary 
rays,  and  the  perimedullary  zone. 

Where  the  bundles  remain  separate,  the  perimedullary 
zone  only  becomes  differentiated  on  the  inner  side  of  each 
individual  bundle  ;  where  they  are  united  to  form  a  con¬ 
tinuous  ring  this  zone  forms  a  continuous  ring  also.  It 
may  become  wholly  or  partially  converted  into  sclerenchyma, 
just  as  is  the  case  with  the  pericycle,  and  like  the  latter  may 
be  the  seat  of  various  new  formations.  Thus  the  internal 
phloem  which  occurs  in  Cucurbitaceae,  Solanaceae,  and  many 
other  Dicotyledous  orders,  is  derived  from  the  peri¬ 
medullary  zone,  and  so  is  the  internal  wood  and  bast  found 
around  the  pith  in  species  of  Tecoma ,  Rumex,  etc.  It 
appears  therefore  that  internal  phloem  belongs  neither  to 
the  vascular  bundles  themselves,  nor  to  the  true  pith  ;  it 
arises  from  this  intermediate  zone,  which  had  not  been 
distinguished  by  previous  observers. 

Flot’s  figures  appear  to  show  that  his  perimedullary 
zone  or  internal  pericycle,  is  really  distinct,  differing  from 
the  pith  both  in  its  origin  and  in  the  form  of  its  cells. 

Van  Tieghem,  in  his  Traite  de  Botanique  (5,  p.  763), 
calls  special  attention  to  stems  with  perixylic  structure,  or 
in  other  words,  with  centripetally  developed  primary  wood. 
Perixylic  structure  is  characteristic  of  all  roots,  and  of  the 
first  stage  of  the  stem  (hypocotyl)  in  most  vascular  plants  ; 
it  persists  throughout  the  whole  of  the  stem  in  most 
vascular  Cryptogams,  while  centi'oxylic  structure  (centrifugal 
primary  wood)  is  general  in  the  epicotyledonary  stem  of 
all  Phanerogams,  and  of  some  vascular  Cryptogams,  as 
Equisetum  and  the  Ophioglossece.  This  distinction  is 
certainly  one  of  the  most  important  in  anatomy,  and  it 
appears  probable  that  perixyly  is  the  more  primitive 
condition.  The  peculiar  structure  of  the  foliar  bundles  in 
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Cycads  appears  to  be  a  case  of  the  persistence  of  perixyly. 
Remarkable  transitions  between  Cycadean  and  Filicinean 
anatomy  are  found  in  some  carboniferous  fossils,  such  as 
Lygin  o  de  n  dro  n . 

A  recent  paper  by  Poirault  on  the  “  Anatomy  of  Vascular 
Cryptogams  ”  (24)  contains  several  points  of  interest,  many 
of  which  however  have  been  anticipated  in  his  preliminary 
notes.  Poirault  gives  for  the  first  time  a  full  account  of  the 
anatomy  of  the  stem  in  Gleicheniacese,  which  are  monostelic 
Ferns  with  a  somewhat  complex  central  cylinder,  the  pro- 
toxylem -groups  lying  at  or  near  the  periphery  of  the  wood. 
His  description  suggests  a  considerable  analogy  with  certain 
fossil  forms. 

Poirault  has  discovered  in  the  leaves  of  certain  Ferns, 

such  as  Acrostichum ,  a  tissue  which  appears  to  correspond 

to  the  tracheal  transfusion-tissue,  which  supplements  the 

xylem  of  the  vascular  bundles  in  the  leaves  of  Conifers 

and  Cvcads. 

✓ 

This  author  has  investigated  the  changes  undergone 
by  the  steles  of  ferns  in  their  passage  into  the  leaves.  As 
Haberlandt  previously  found,  they  ultimately  assume  a 
collateral  structure  owing  to  the  disappearance  of  the  upper 
part  of  the  phloem.  Poirault  finds  that  this  change  may 
take  place  in  the  petiole,  or  at  the  base  of  the  lamina,  or 
only  in  the  fine  branches  of  the  bundles  within  the 
latter. 

Another  important  contribution  to  our  knowledge  of 
the  structure  of  vascular  Cryptogams  is  Harvey  Gibson’s 
paper  on  the  Comparative  Anatomy  of  Selaginella  (25), 
which  for  the  first  time  enables  us  to  form  an  adequate  idea 
of  the  range  of  anatomical  variation  within  that  remarkable 
genus.  It  is  impossible  to  summarise  his  work  in  this 
article,  but  attention  may  be  called  to  his  interesting  ob¬ 
servation  that  in  the  basal  portion  of  the  stem  of  Selagin¬ 
ella  spinosa ,  the  protoxylem  of  the  stele  is  central  not 
peripheral,  showing  that  perixyly  is  not  absolutely  constant 
in  the  genus. 

A  short  paper  by  Petersen  (26)  is  of  interest  as  showing 
that  a  regular  gradation  can  be  traced  from  Monocotyle- 
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dons  with  primary  tissue-formation  only,  to  those  with  a 
definite  zone  of  secondary  thickening.  To  the  latter 
category  the  shrubby  Iridese  must  now  be  added  (27). 

Before  concluding  this  article  some  mention  must  be 
made  of  Schenk’s  important  work  on  the  anatomy  of 
Lianes  (28).  This  is  a  very  full  account  based  on  original 
observation,  and  abundantly  illustrated,  of  the  highly 
modified  structure  of  climbing  plants.  The  author  finds 
that  habit  and  anatomy  do  not  necessarily  go  together  ; 
thus  twiners  and  tendril-climbers,  so  different  in  their  ex¬ 
ternal  characters,  have  their  most  characteristic  anatomical 
peculiarities  in  common. 

The  author  is  not  contented  with  merely  describing  the 
anomalous  structures,  but  also  endeavours  to  trace  their 
origin.  In  each  case  there  are  three  possibilities  to  be 
considered  :  the  character  may  be  inherited,  or  may  be  the 
direct  result  of  the  action  of  external  conditions,  or  may  be 
adaptive.  That  the  direct  action  of  the  conditions  of 
growth  has  a  considerable  influence  is  shown  by  the  fact 
that  cultivated  specimens  of  anomalous  climbing  plants, 
grown  in  the  absence  of  supports,  may  develop  an  almost 
normal  structure.  Hegler’s  remarkable  experiments  on 
the  development  of  sclerenchyma  in  consequence  of  in¬ 
creased  tension,  throw  some  light  on  this  subject.  There  is, 
however,  no  evidence  that  such  directly  acquired  characters 
can  be  inherited,  though  Schenk  seems  to  assume  that  this 
may  happen. 

The  author  shows  that  the  most  modified  members  of 
very  different  families  may  present  quite  similar  adaptations. 
Illustrations  of  this  are  afforded  by  the  comparison  of 
Bauhinia  with  climbing  Malpighiaceae,  of  Bignonia  with 
Phytocrene ,  or  of  Wistaria  with  the  anomalous  Menisperm- 
aceae.  Few  fields  of  investigation  offer  more  striking  ex¬ 
amples  of  homoplastic  characters. 

In  those  who  believe  that  all  characters  whatsoever  are, 
or  have  been  adaptive,  the  distinction  between  inherited 
and  adaptive  characters  cannot  be  an  absolute  one.  The 
distinction  is  between  recently  acquired  adaptations,  and 
those  which  arose  in  the  more  remote  past,  and  have  come 
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to  be  the  common  property  of  considerable  groups  of 
plants. 

For  example,  the  appearance  of  extrafascicular  cambium, 
resulting  in  the  formation  of  successive  rings  of  bundles,  in 
certain  Leguminosse  and  Menispermaceae,  and  in  Antigonum 
among  the  Polygonaceae,  is  presumably  a  relatively  recent 
adaptation,  correlated  with  the  climbing  habit ;  extrafascicu¬ 
lar  cambium  in  Amaranthaceae,  however,  is  a  family  char¬ 
acter,  acquired  at  some  long  past  epoch  and  no  longer  of 
obvious  adaptive  value.  The  inherited  character  has, 
however,  been  somewhat  further  developed  in  some  mem¬ 
bers  of  the  family  which  have  become  climbers.  Here  an 
“  inherited”  character  has  again  become  adaptive.  On  the 
other  hand  we  sometimes  find  a  member  of  a  climbing  order, 
which  is  not  itself  a  climber,  and  yet  has  anomalous  struc¬ 
ture.  This  is  the  case  with  Cocculus  Icturifolius  (28,  p.  64), 
a  Menispermaceous  tree,  which  has  concentric  rings  of 
bundles.  If,  as  Schenk  suggests,  this  plant  is  descended 
from  climbers,  it  affords  a  good  example  of  a  purely 
adaptive  modification  which  has  become  an  inherited 
anatomical  character. 

Schenk’s  book  is  full  of  interesting  details,  which,  unfor¬ 
tunately,  there  is  no  space  to  discuss. 

It  is  superfluous  to  make  any  apology  for  the  obvious 
incompleteness  of  this  article.  Only  a  small  part  of  the 
field  of  internal  morphology  has  been  touched  on  at  all,  and 
that  only  in  the  most  cursory  manner.  It  is  hoped,  how¬ 
ever,  that  enough  has  been  said  to  show  that  the  study  of 
the  internal  structure  of  plants,  if  freed  from  the  grooves  of 
mere  description,  and  carried  on  from  the  point  of  view  of 
descent  and  adaptation,  is  likely  to  yield  just  as  valuable 
results  as  that  of  external  morphology. 
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THE  ARRANGEMENT  OF  THE  MOLECULES 

IN  A  CRYSTAL. 

ALTHOUGH  we  have  little  or  no  certain  knowledge 
about  the  molecular  structure  of  solids  in  general, 
some  very  interesting  investigations  have  recently  been 
made  into  the  nature  of  crystalline  structure.  Little  has 
been  published  on  the  subject  in  England,  and  it  is  more 
than  probable  that  these  speculations  have  escaped  the 
notice  of  many  even  of  those  who  are  both  familiar  with 
the  theory  of  gases  and  take  an  interest  in  recent  specula¬ 
tions  on  the  nature  of  liquids. 

With  the  object  therefore  of  briefly  summarising,  at 
any  rate  some  of  the  more  important  points  which  have 
been  established  in  this  fascinating  subject :  I  propose  first 
to  indicate  what  are  the  views  to  which  crystallographers 
have  been  led  by  more  purely  mathematical  reasoning,  and 
in  a  subsequent  article  to  criticise  the  applications  of  the 
geometrical  theories  of  crystalline  structure  which  have  been 
made  by  those  who  have  attempted  to  give  them  a  physical 
meaning.  To  this  category  belong  the  interesting  structures 
devised  by  Lord  Kelvin,  Liveing,  Barlow  and  Beckenkamp. 

In  order  to  be  of  any  practical  use,  such  a  theory  should 
enable  us  to  say  something  about  the  arrangement  of  the 
particles  which  constitute  a  crystal,  or  about  their  symmetry, 
sufficient  to  explain  the  form  and  properties  of  a  given  sub¬ 
stance  in  a  consistent  manner.  The  attempt  to  define  the 
actual  arrangement  of  the  crystalline  particles  has  as  yet 
been  made  for  very  few  compounds,  but  that  it  has  been 
made,  and  with  a  certain  show  of  success,  will  be  evident 
from  a  few  instances. 

In  the  first  place,  Sohncke  in  1888  ( 1 )  devised  an  arrange¬ 
ment  which  should  accord  with  the  physical  and  morpho¬ 
logical  features  of  quartz,  by  supposing  a  spiral  line  drawn 
upon  the  surface  of  a  circular  cylinder,  and  placing  particles 
at  equal  intervals  along  this  line,  so  that  the  fourth  comes 
vertically  above  the  first,  the  fifth  above  the  second,  and  so 
on,  the  particles  thus  lying  upon  the  thread  of  a  screw. 
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This  is  next  converted  into  a  “  compound  screw  ”  by  placing 
another  equal  and  similar  screw  of  particles  inside  the  first, 
so  that  their  axes  coincide,  but  not  their  threads  ;  and,  finally, 
a  number  of  these  compound  screws  are  ranged  beside  one 
another  in  parallel  position,  so  that  their  axes  (supposed 
vertical)  would  pass  through  the  knots  of  a  horizontal  net 
whose  meshes  are  all  equilateral  triangles.  This  somewhat 
complicated  arrangement  is  practically  identical  with  that 
adopted  by  Wulff  (2)  and  does  not  differ  essentially  from 
one  proposed  by  Mallard. 

Three  different  authors  are  therefore  in  agreement  upon 
a  possible  grouping  of  the  particles  in  at  least  one  substance. 

Probable  structures  have  subsequently  been  suggested 
for  many  substances  by  Mallard,  Wulff,  Sohncke,  Liveing, 
Fedorow,  Lord  Kelvin  and  others,  but  they  need  not  be 
quoted  since  our  purpose  is  only  to  show  at  present  that 
the  subject  is  now  regarded  as  something  more  than  a  geo¬ 
metrical  problem,  and  a  few  instances  will  suffice. 

Another  step  is  taken  by  Muthmann  (3),  who,  in  a  recent 
paper  on  the  alkaline  phosphates  and  permanganates,  comes 
to  the  conclusion  that  the  potassium  phosphate  KH2P04  is 
constructed  of  “physical  molecules,”  arranged  in  the  follow¬ 
ing  manner  :  Space  having  been  divided  into  equal  square 
prisms,  of  which  the  height  is  represented  by  the  number 
2‘95°3>  and  the  horizontal  diagonal  by  4*4432,  a  molecule 
is  placed  at  the  centre  and  at  all  the  corners  of  each  prism  ; 
in  the  corresponding  arsenate  the  arrangement  is  supposed 
to  be  the  same,  but  the  prism  has  a  height  of  3*0235,  and 
diagonal  4*5583.  These  numbers  are  taken  to  indicate  the 
comparative  molecular  intervals  along  the  two  corresponding 
directions  in  the  two  salts,  a  calculation  which  has  never 
previously  been  made  for  any  substance.  These  intervals 
would  be  different  for  the  two  salts  even  if  they  had  absolutely 
the  same  crystalline  form,  so  it  is  clear  that  they  are  not 
identical  with  the  usual  axial  ratios  of  the  crystallogra- 
phers. 

The  author  goes  even  further ;  he  asserts  that  each 
“physical  molecule”  consists  of  eight  chemical  molecules 
KH2P04,  and  he  supposes  that  in  this  complex  cluster 
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eight  radicles  PO(OH)2  are  arranged  at  the  corners  of  two 
superposed  horizontal  squares,  and  that  vertically  above  or 
below  each  of  these  is  attached  a  radicle  OK. 

Tutton  (4),  in  a  paper  read  quite  recently  before  the 
Chemical  Society,  has  independently  adopted  precisely  the 
same  reasoning,  and  feels  himself  justified  in  supposing  that 
in  rubidium  sulphate  (for  example)  the  crystal  elements  are 
situated  at  the  corners  of  a  rectangular  rhombic  prism  of 
certain  dimensions,  and  that  each  of  them  is  composed  of 
tour  chemical  molecules  arranged  in  a  certain  symmetrical 
manner. 

Yet  further  :  the  test  by  which  any  theory  must  stand 
or  fall  as  a  working  hypothesis  is  the  extent  to  which  it 
renders  prediction  possible  ;  and  the  relations  between 
form,  structure  and  composition  have  at  length  been  so 
far  ascertained,  that  the  pioneers  in  this  study  already 
venture  to  predict  the  form  of  new  or  undetermined  com¬ 
pounds. 

Thus  Muthmann  states  that  rubidium  sulphate  will 
doubtless  be  found  to  have  a  form  almost  identical  with 
that  of  thallium  sulphate,  and  within  a  few  months  this 
prediction  has  been  fully  verified  by  Tutton’s  measure¬ 
ments. 

To  take  another  and  a  somewhat  different  example, 
Penfield  (5),  in  a  recent  paper  on  the  Chondrodite 
group  of  minerals,  uses  the  following  words :  “  Thus 

Mg[Mg(F,0H)]2Si04  is  a  possible  and  most  likely  com¬ 
pound  to  occur.  This  should  crystallise  either  orthorhombic 
or  monoclinic  with  /3  =  90°,  and  should  have  the  axial  ratio 
a  :  b  :  c=  1*086  :  1  :  1*887.”  Here  we  have  a  prediction 
of  the  crystalline  form  of  an  absolutely  unknown  compound, 
and  one  in  this  case  not  based  in  the  least  upon  considera¬ 
tions  of  isomorphism. 

We  hope  to  return  to  these  and  other  instances  in  a 
subsequent  communication  ;  for  the  present,  we  have  to  see 
what  is  the  geometrical  reasoning  upon  which  the  current 
theories  of  crystal  structure  are  founded. 

There  is  some  danger  lest  assertions  like  those  of  Muth¬ 
mann  should  be  either  accepted  without  reservation  as 
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established  facts,  or  dismissed  as  mere  fanciful  speculations, 
by  readers  who  have  not  had  occasion  to  follow  the  growth 
and  development  of  the  theories  upon  which  they  are  based. 
They  are,  as  we  shall  see,  neither  the  one  nor  the  other. 

THE  LATTICE  THEORY. 

Omitting  the  somewhat  crude  theories  of  earlier  investi¬ 
gators,  the  first  serious  attempt  to  grapple  with  the  theory 
of  crystal  structure  is  the  work  of  the  French  mathematician, 
Bravais  (6).  His  classic  memoir  on  Systems  of  Regularly 
Distributed  Points  is  an  investigation  of  all  the  possible 
forms  of  space -gratings  (Reseaux). 

The  reader  may  get  a  fair  idea  of  what  is  meant  by 
a  space  “grating,”  or  “lattice,”  or  (as  I  have  previously 
termed  it)  (7)  a  “space-network,”  by  imagining  a  hail¬ 
storm  to  become  suddenly  rigid,  each  hailstone  being 
arrested  at  a  given  instant,  and  fixed  at  the  point  of  space 
which  it  occupies  at  that  moment.  Imagine  also  that  the 
hailstones  were  descending  at  perfectly  regular  intervals,  so 
that  when  the  whole  set  becomes  fixed  the  hailstones  lie  at 
equal  intervals  upon  parallel  straight  lines  like  beads  strung 
upon  straight  wires  ;  if  there  is  no  wind  these  lines  are 
vertical. 

Suppose,  further,  that  the  lines  of  descending  hailstones 
are  separated  by  certain  regular  intervals  in  such  a  way 
that  they  lie  in  planes,  that  all  the  lines  lying  in  one  vertical 
plane  are  equidistant,  and  that  in  all  parallel  planes  the 
distance  between  adjacent  lines  is  the  same.  It  will  now 
be  clear  that  the  hailstones  not  only  lie  in  vertical  lines  and 
planes,  but  also  in  horizontal  or  transversely  inclined  lines 
and  planes  ;  such  that  along  all  parallel  lines  the  particles 
lie  at  equal  intervals,  and  in  all  parallel  planes  the  lines 
which  run  in  the  same  direction  are  separated  by  equal 
intervals. 

A  hailstorm  of  this  nature,  supposed  to  become  rigid, 
constitutes  a  space-lattice  or  network  of  particles  of  the  sort 
investigated  by  Bravais. 

The  lattice-structure  is  one  which  may  very  reasonably 
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be  ascribed  to  a  crystal,  for  it  harmonises  both  with  the 
geometrical  and  physical  characters. 

The  line  joining  any  two  particles  is  a  line  having  a 
whole  series  of  particles  strung  upon  it  at  equal  intervals 
along  its  whole  length  ;  every  parallel  line  of  particles  is 
identical  with  it ;  but  along  other  lines  the  molecular  interval 
is  in  general  different.  In  such  a  structure  we  should  ex- 
pect  the  physical  properties  (elasticity,  thermal  expansion 
and  conductivity,  etc.)  to  be  the  same  along  all  parallel 
lines,  and  different  in  general  along  lines  which  are  not 
parallel ;  now  these  are  precisely  the  characters  exhibited 
by  a  crystal. 

Again,  the  plane  through  any  three  particles  is  such  that 
it  is  filled  with  particles  arranged  like  the  knots  upon  a  net, 
and  every  parallel  plane  is  exactly  similar  to  it.  If  such  a 
structure  is  bounded  by  plane  faces,  we  should  expect  them 
to  be  just  these  planes,  or  (as  I  have  previously  called  them) 
“webs  ”  of  particles.  It  will  be  found  that  all  these  planes 
are  related  to  one  another  in  such  a  way  that,  if  we  know 
the  directions  of  any  four,  we  can  predict  with  absolute 
certainty  the  directions  of  all  other  planes  which  may  be 
constructed  out  of  the  lattice.  Now  this  relation  is  pre¬ 
cisely  that  which  governs  the  mutual  inclinations  of  a  crystal  s 
faces,  known  to  crystallographers  as  the  Law  of  Rational 
Indices. 

Or  we  may  regard  the  structure  in  another  way.  It  is 
clear  that  the  nature  of  the  whole  lattice  is  completely 
defined  by  one  of  the  cells  or  parallelepipedal  spaces 
enclosed  by  six  adjacent  particles.  Thus,  returning  to  the 
hailstorm  illustration  :  if  the  hailstones  are  descending  in 
vertical  lines  in  a  still  air  ;  and  if  the  distance  between  two 
adjacent  lines  is  equal  to  that  between  two  consecutive 
hailstones  in  the  same  line  ;  and  if  adjacent  hailstones  are 
on  the  same  horizontal  level  ;  then  the  cell  formed  by  six 
adjacent  particles  may  be  a  cube,  and  the  whole  lattice  may 
consist,  as  it  were,  of  particles  placed  at  the  corners  of 
cubes  packed  in  side  by  side  so  as  to  fill  space  ;  a  sort  of 
arrangement  like  that  of  a  wire  egg-rack. 

The  cube  being  then  one  possible  form,  we  may  next 
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alter  the  shape  of  the  elementary  cell  in  various  ways  by 
supposing  the  distances  between  the  lines  to  be  unequal, 
or  by  imagining  the  lines  of  descending  hailstones  to  slope 
in  one  direction  or  the  other  as  they  would  do  under  the 
influence  of  a  wind.  In  this  way  we  may  obtain  different 
cells  having  the  forms  known  as  the  square  prism,  the 
oblique  prism,  the  rhombohedron,  etc.,  of  crystallography, 
and  a  different  lattice  corresponding  to  each  of  these. 

Now  the  most  important  and  remarkable  of  all  the 
characters  of  a  crystal  is  its  symmetry.  As  is  well  known, 
crystals  are  almost  always  symmetrical  in  shape,  and  accord¬ 
ing  to  the  nature  of  their  symmetry  they  are  grouped  into 
seven  types  or  “systems”.  The  grouping  is  sometimes 
expressed  according  to  the  lengths  and  directions  of  the 
three  axes  to  which  a  crystal  is  referred  ;  but  it  will  be  seen 
on  reflection  that  these  axes  are  nothing  more  or  less  than 
the  three  sides  of  the  elementary  cell  of  the  lattice.  A 
variation  of  the  lengths  and  directions  of  the  axes  corre¬ 
sponds  exactly  to  a  variation  ol  the  form  of  the  elementary 
cell,  and  by  either  process  we  obtain  geometrical  figures, 
which  generally  possess  a  certain  symmetry. 

Bravais,  therefore,  proceeded  to  investigate  all  the 
possible  forms  of  space-lattices  and  the  nature  of  their 
symmetry  ;  and  the  result  at  which  he  arrived  is  surpris¬ 
ingly  simple. 

He  found  that  there  are  only  fourteen  different  sorts  of 
lattices,  and  that  these,  if  classed  by  their  symmetry,  fall 
into  seven  groups,  which  have  precisely  the  same  symmetry 
as  the  seven  systems  into  which  all  known  crystals  had 
already  been  grouped. 

The  lattice  structure,  however,  fails  to  explain  the  form 
of  what  are  commonly  called  hemihedral  or  merohedral 
crystals,  i.e.,  those  which  only  partially  possess  the  symmetry 
of  the  system  to  which  they  belong  ;  it  gives  us,  for  example, 
the  form  of  the  cube  and  octahedron  of  fluor-spar  and  other 
substances,  but  it  does  not  account  for  the  form  of  the 
tetrahedron  of  zinc-blende,  or  the  common  deltoid  dodeca¬ 
hedron  of  iron  pyrites.  For  all  these  merohedral  forms  (and 
they  perhaps  constitute  in  reality  the  majority  of  crystals), 
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Bravais  was  compelled  to  introduce  another  assumption  ; 
the  particles  themselves  were  supposed  to  have  an  inherent 
symmetry  ;  to  be,  not  mere  points,  but  symmetrical  clusters 
of  atoms  ;  the  symmetry  of  the  crystal  is  then  supposed  to 
be,  not  that  of  the  lattice  alone,  but  that  which  is  common 
to  the  lattice  and  to  the  molecules  of  which  it  is  constructed. 
Consequently,  if  the  molecular  cluster  is  less  symmetrical 
than  the  lattice,  the  crystal  as  a  whole  only  possesses  a  part 
of  the  symmetry  of  the  system  to  which  it  belongs. 

For  example  :  minute  cubic  particles  placed  at  the 
corners  of  a  cube  would  be  the  elementary  cell  of  a  com¬ 
pletely  cubic  lattice  like  that  of  fluor-spar ;  but  minute 
tetrahedra  placed  at  the  corners  of  a  cube  would  give  rise 
to  a  hemihedral  cubic  crystal  like  zinc- blende. 

This  is,  of  course,  all  ancient  history  now,  but  it  is 
necessary  for  the  correct  appreciation  of  what  follows.  We 
may  note  in  passing  that  it  is  difficult  to  see  why  in  the 
Bravais  theory  each  molecule,  if  its  symmetry  depends  upon 
the  arrangement  of  atoms  or  chemical  molecules  within  it, 
should  necessarily  have  only  a  symmetry  deducible  from 
the  lattice  to  which  it  belongs.  Why,  for  instance,  should 
the  molecule  not  be  pentagonal  in  form,  although  this  is 
not  admissible  as  a  crystal  form  ?  This  objection  cannot 
be  raised  to  the  second  theory,  which  we  have  now  to 
consider. 


THE  SOHNCKE  THEORY. 

The  next  advance,  and  a  very  important  one,  was  made 
independently  by  Wiener  and  Sohncke,  who  endeavoured 
to  solve  a  different  problem,  namely  :  In  how  many  ways 
can  a  set  of  points  be  arranged  in  space  so  that  the 
distribution  round  any  one  point  is  identical  with  that 
round  any  other  of  the  set?  In  other  words  :  Flow  many 
possible  homogeneous  assemblages  of  points  can  be  con¬ 
structed  ?  This  is  a  very  natural  structure  to  assume,  for 
it  harmonises  with  the  homogeneous  physical  nature  of  a 
crystal  ;  the  assumption  made  is,  that  the  symmetry  at  any 
one  point  of  the  structure  is  the  same  as  at  any  other  point. 
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In  the  Bravais  theory  it  was  assumed  that  all  the 
particles  are  parallel,  and  with  this  limitation  it  is  true,  as 
was  shown  by  Sohncke,  that  the  lattice  is  the  only  possible 
homogeneous  assemblage.  But  why  are  the  molecules  to 
be  necessarily  parallel  ?  Why,  for  instance,  should  not  a 
bees-cell  structure  like  the  adjoining  figure  be  possible  ? 

This  cannot  form  any  part  of  a  lattice,  both  because  the 

particles  do  not  lie  at  equal  distances 
along  straight  lines  ;  and  also  because 
particles  at  A  are  not  parallel  to  par¬ 
ticles  at  B  ;  for  A  has  its  three  nearest 
points  lying  horizontally  to  the  left,  and 
both  above  and  below  it  to  the  right, 
whereas  B  has  its  three  nearest  points 
lying  horizontally  to  the  right,  and 
above  and  below  it  to  the  left ;  A  is  in 
fact  identical  with  B  turned  through  6o°. 

Sohncke  then  investigated  (8)  all  the  possible  homo¬ 
geneous  assemblages  of  points,  and  came  to  the  conclusion 
that  there  are  sixty-five  (the  number  was  first  erroneously 
given  as  sixty-six)  ;  further,  that  these,  if  arranged  by  their 
symmetry,  fall  into  groups  which  agree  with  the  various 
modes  of  symmetry  observed  in  crystals,  including  almost 
all  the  merohedral  types. 

Among  these  sixty-five  structures  there  are  a  number  of 
remarkable  spiral  and  alternating  arrangements  (eg.,  that 
suggested  above  for  quartz)  which  seem  to  have  no  relation 
to  Bravais  lattices  ;  further,  all  the  possible  modes  of  crystal¬ 
line  symmetry  seem  to  be  explained  by  the  arrangement  of 
similar  particles  identically  grouped  throughout  the  mass  ; 
only  with  the  implied  possibility  that  the  particles  need  not 
be  similarly  orientated,  but  may  face  different  ways. 

Sohncke’ s  theory  seems  then  to  be  free  from  the  arbitrary 
assumptions  of  the  Bravais  theory,  and  to  be  totally  distinct 
from  it. 

There  is,  however,  a  closer  connection  between  the  two 
theories  than  is  at  first  apparent  ;  for  it  can  be  proved  that 
each  of  Sohncke’s  sixty-five  structures  consists  of  two  or 
more  interpenetrating  lattices  inserted  into  one  another. 
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For  example,  the  bees-cell  arrangement  of  the  figure  may 
be  regarded  as  two  interpenetrating  webs  with  triangu¬ 
lar  meshes,  one  formed  by  the  points  A,  and  the  other  by 
the  points  B  ;  and  one  of  these  is  the  same  as  the  other 
turned  through  6o°. 

Hence  a  cluster  of  adjacent  points  belonging  to  the 
different  lattices  in  this  new  theory  corresponds  to  a 
molecular  cluster  forming  a  particle  in  the  lattice  of 
Bravais.  None  the  less,  however,  the  newer  theory  is 
a  remarkable  advance  upon  the  old,  because  the  sym¬ 
metry  is  deduced  in  a  general  way  from  the  arrange¬ 
ment  of  the  particles  without  any  auxiliary  hypothesis. 

A  few  years  ago,  however,  Wulff  (9)  made  the  curious 
discovery  that  one  type  of  symmetry,  namely,  that  character¬ 
istic  of  the  rare  copper  silicate  dioptase,  is  not  to  be  found 
among  the  structures  of  Sohncke.  Moreover,  among  the 
types  of  partial  symmetry  some  of  the  hemimorphic  or  polar 
forms,  such  as  those  of  tartaric  acid  and  struvite,  cannot  be 
explained  by  Sohncke’s  theory  without  some  assumption 
regarding  the  form  of  the  particles  themselves  ;  such  an 
assumption  was  made  by  Sohncke,  and  is  just  as  much  an 
objection  to  his  theory  as  the  corresponding  assumption 
made  by  Bravais  to  account  for  all  the  merohedral  types. 

It,  therefore,  became  necessary  for  Sohncke  to  remodel 
his  system  so  as  to  include  the  missing  type,  and  he  did  so 
by  an  assumption  which  also  explains  the  hemimorphic  forms 
without  any  auxiliary  hypothesis.  This  principle,  which 
had  been  previously  employed  by  Barlow  (10),  consists  in 
supposing  two  or  more  different  sorts  of  particles  to  enter 
into  the  crystal  structure. 

The  interpenetrating  lattices  which  constitute  a  crystal 
are  no  longer  identical  points,  or  merely  the  same  lattices 
turned  in  different  directions,  but  one  consists  of  particles  of 
one  sort,  and  another  may  consist  of  particles  of  a  different 
sort ;  this  limitation  will  evidently  reduce  the  symmetry  of 
the  composite  lattice,  and  can  be  made  to  include  all  possible 
varieties  of  crystals. 

Here,  then,  we  begin  to  have  a  suspicion  that  crystalline 
symmetry  is  not  a  matter  of  mere  geometry,  and  to  recognise 


492 


SCIENCE  PROGRESS. 


the  necessity  of  taking  into  account  the  nature  of  the 
particles ;  in  other  words,  the  chemical  structure  of  the 
substance. 

By  this  time,  however,  we  seem  to  have  lost  sight  of 
the  simple  form  of  a  crystal,  in  order  to  account  for  its 
symmetry  ;  the  composite  interpenetrating  lattices  and 
spirals  of  Sohncke  may  show  every  conceivable  variety  of 
crystalline  symmetry,  but  they  do  not  lead  to  simple  plane 
faces  which  obey  the  law  referred  to  above  as  the  law  of 
rational  indices.  In  order  to  limit  the  faces  to  such  as  obey 
this  law,  we  have  to  suppose  that  the  only  planes  possible 
as  crystal  faces  are  those  which  belong  to  any  one  of  the 
lattices  contained  in  the  structure. 

It  appears,  then,  that  in  Sohncke’s  theory  a  cluster  of 
particles  corresponds  exactly  to  a  molecule  in  the  Bravais 
theory  ;  the  crystal  faces  and  the  planes  of  cleavage  are  any 
planes  containing  a  set  of  these  molecules  ;  and  the  sym¬ 
metry  of  the  Bravais  molecule  is  that  of  the  Sohncke  cluster, 
and  upon  this  in  reality  the  symmetry  of  the  crystal  (and  of 
the  lattice)  depends. 

At  this  stage  we  have  arrived  at  the  following  conclu¬ 
sions  :  If  the  orderly  arrangement  of  particles  is  to  be  taken 
to  represent  the  structure  of  a  crystal,  then,  in  order  to 
account  for  the  crystal  faces  we  require  a  lattice  structure  ; 
in  order  to  account  for  the  symmetry  we  require  a  homo¬ 
geneous  assemblage  ;  the  latter  turns  out  to  consist  of  inter¬ 
penetrating  lattices  ;  but  we  have  further  to  suppose  the 
lattices  to  be  different  in  their  nature. 

THE  THIRTY-TWO  TYPES. 

Meanwhile  the  problem  had  been  approached  in  a 
different  manner.  Including  all  the  merohedral  forms,  it 
will  be  found  that  the  total  number  of  varieties  of  symmetry 
possible  in  crystals  amounts  to  thirty-two  ;  these,  of  course, 
naturally  fall  into  seven  groups  identical  with  the  seven 
systems  of  crystallography. 

It  has  been  only  recently  pointed  out  (n)  these 
thirty-two  groups  were  established  without  any  structural 
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theory  whatever,  as  early  as  the  year  1830,  by  Hessel,  who 
investigated  in  the  most  general  manner  all  the  possible 
modes  in  which  a  geometrical  figure  can  be  symmetrical  ; 
he  then  introduced  a  condition  corresponding  to  the  law  of 
rational  indices  (z.e.,  limited  his  conclusions  to  crystals),  and 
deduced  thirty-two  types  of  symmetry. 

Hessel’s  investigation  was  entirely  overlooked  for  sixty 
years,  and  the  problem  was  taken  up  anew  by  subsequent 
authors. 

Gadolin,  in  1867  (12),  came  to  precisely  the  same  con¬ 
clusions  ;  he  began  by  introducing  the  law  of  rational 
indices,  and  found  that  all  figures  which  obey  this  law,  i. e. , 
all  crystals,  if  grouped  by  their  symmetry,  fall  into  thirty- 
two  classes. 

The  essential  difference  between  their  methods  and  that 
of  the  lattice  consists  in  the  fact  that  Hessel  and  Gadolin 
distinguish  between  different  directions  along  the  same  line, 
whereas  in  the  lattice  no  distinction  is  made  between  the 
two  directions  along  the  same  thread  of  particles  ;  to  in¬ 
troduce  this  distinction  something  must  be  said  about 
the  shape  of  the  particles  ;  they  must  have  a  polar  char¬ 
acter. 

Again,  in  the  simple  lattice  parallel  planes  are  absolutely 
identical,  and  a  plane  has  the  same  aspect  viewed  from  one 
side  as  from  the  other  since  the  shape  of  the  particles  is  not 
taken  into  account ;  hence  such  figures  as  the  tetrahedron, 
which  is  not  bounded  by  parallel  planes,  cannot  be  explained 
by  the  lattice. 

Conclusions  identical  with  those  of  Hessel  and  Gadolin 
have  been  independently  obtained  with  different  methods 
by  subsequent  investigators.  All  Hessel’s  varieties  of  sym¬ 
metry  belonging  to  geometrical  figures  in  general  have  been 
recently  found  by  Fedorow  and  Curie  ;  while  Gadolin’s 
thirty-two  crystallographic  types  have  been  established  by 
Minnigerode  and  Schonflies. 

The  possible  existence  of  these  thirty-two  types  may 
now  be  regarded  as  a  rigidly  demonstrated  geometrical 
fact,  which  must  lie  at  the  base  of  any  views  on  the  struc¬ 
ture  of  crystals.  Crystals  belonging  to  all  the  types  have 
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not  yet  been  found  in  nature,  but  those  of  which  examples 
are  wanting  are  rapidly  diminishing  in  number. 

Only  during  the  last  few  months  the  observations  of  Rinne 
( i  3)  on  scolecite,  of  T raube  ( 1 4)  on  the  antimonio-tartrates  of 
barium,  strontium  and  lead,  and  on  the  double  salt  antimonio- 
tartrate  of  lead  with  potassium  nitrate,  and  of  Penfield  on 
caesium  mercuric  iodide  (15),  have  contributed  examples  of 
four  groups  which  were  previously  missing,  while  Traube 
has  also  shown  (16)  that  lactose  does  not,  as  appeared  from 
the  early  measurements  of  Schabus,  present  a  symmetry 
different  from  all  of  the  thirty-two  types. 

We  may  confidently  expect  that  instances  will  shortly 
be  found  of  the  four  yet  missing  types  which  are  predicted 
by  theory. 

Let  us  now  review  the  position  to  which  our  survey  of 
the  structural  theories  has  brought  us. 

It  appears  from  the  researches  of  Bravais  that  a  lattice 
'  structure  accounts  fully  for  the  particular  shape  of  crystals 
(i.e.,  their  subjection  to  the  law  of  rational  indices)  ;  from 
the  researches  of  Hessel  and  Gadolin,  that  crystals  so  defined 
must  belong  to  one  or  other  of  thirty-two  symmetrical  types  ; 
and,  finally,  from  the  researches  of  Sohncke,  that  the  lattice 
structure  is  only  a  special  case  of  a  homogeneous  assemblage 
of  points,  and  that  any  such  assemblage  really  implies  a 
compound  lattice  structure  ;  but  that  we  cannot  get  the 
thirty-two  types  out  of  a  homogeneous  assemblage  without 
assuming  that  the  particles  are  of  different  kinds. 

So  far,  then,  two  courses  are  open  :  we  may  either 
assume  the  law  of  rational  indices  as  an  empirical  fact,  and 
deduce  from  it  the  thirty-two  groups  ;  or  we  may  start  with 
a  structure  theory,  in  which  the  constituent  particles  are  of 
different  kinds. 

In  either  case  it  is  impossible  to  establish  fully  the 
varieties  of  form  and  symmetry  of  crystals  by  geometrical 
reasoning  alone  from  the  simple  principle  of  homogeneity  ; 
and  yet  it  seems  remarkable  that  Sohncke’s  theory  only  just 
fails  to  do  so  ;  is  it  not  possible  that,  after  all,  something 
may  be  lacking  in  Sohncke’s  treatment  which  deprives  his 
method  of  perfect  generality,  and  that  all  the  thirty-two 
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types  may  yet  be  deduced  from  one  single  geometrical 
assumption  ? 

The  answer  to  this  suggestion  is  supplied  by  another 
theory  of  crystal  structure,  which  has  meanwhile  entered 
the  field  in  a  somewhat  striking  manner. 

THE  PURE  STRUCTURAL  THEORY. 

Independently  and  almost  simultaneously  important  in¬ 
vestigations  have  been  published  by  Fedorow  (i/)  and 
Schonflies  (18)  upon  the  possible  structures  of  geometrical 
figures  and  their  symmetry. 

Fedorow’s  researches  were  in  reality  published  before 
those  of  Schonflies,  but  being  in  the  Russian  language, 
attracted  no  attention  among  mathematicians.  The  two. 
authors  have  come  to  one  and  the  same  conclusion  ;  namely., 
that  there  are  230  possible  structures  for  crystals,  and  that 
these,  if  classed  by  their  symmetry,  fall  into  the  now  well- 
known  thirty-two  crystal  groups.  This  absolute  coincidence 
of  results  proves,  if  proof  were  needed,  that  the  problem  has 
been  correctly  solved  ;  but  before  taking  it  for  granted  that 
the  problem  has  been  correctly  stated,  we  must  see  what 
these  authors  mean  by  a  crystalline  structure,  and  in  what 
manner  their  definition  differs  from  that  of  others. 

Schonflies  defines  a  crystal  as  consisting  of  “absolutely 
similar  molecules,  so  arranged  that  each  molecule  is  en¬ 
vironed  in  the  same  way  by  all  the  other  molecules 

Sohncke’s  definition  of  a  system  of  points  which  is  to 
have  the  characters  required  by  a  crystal  structure  is  that 
“  round  every  point  the  arrangement  of  the  remainder  is 
the  same  as  round  every  other  point 

At  first  sight  these  definitions  appear  to  be  identical. 
How  is  it,  then,  that  Schonflies  arrives  at  230  possible 
structures,  while  Sohncke  finds  only  sixty-five  ?  The 
difference,  it  will  be  found,  lies  in  their  ways  of  defining 
a  similar  environment. 

Without  entering  into  details,  we  may  in  a  few  words 
contrast  the  two  methods. 

Sohncke  takes  any  point  P  of  his  system  and  joins  it  to 
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any  number  of  adjacent  points  ABC,  etc.  ;  then,  if  we  take 
any  other  point  P'  of  the  system,  it  must  be  surrounded  by 
points  A'B'C',  etc.,  in  such  a  manner  that  the  lines  PA,  PB, 
PC,  etc.,  can  be  exactly  superposed  upon  the  lines  P'A', 
P'B',  P'C',  etc.  Hence  he  derives  all  his  structures  by 
•considering  in  how  many  ways  it  is  possible  to  move  P  to 
P',  and  so  on,  by  sliding,  rotating  and  screw  motions. 

Schonflies  does  not  assume  that  the  lines  PA,  PB,  PC, 
etc.,  can  necessarily  be  only  superposed  upon  P'A',  P'B', 
P'C',  etc.,  but  that  PA  =  P'A',  PB  =  P'B',  PC  =  P'C',  etc., 
and  that  PA,  PB,  PC,  etc.,  make  the  same  angles  with  one 
another,  as  P'A',  P'B',  P'C',  etc. 

Now  this  does  not  exclude  the  possibility  of  one  set  of 
lines  bearing  the  same  relation  to  the  other  that  an  object 
does  to  its  image  in  a  mirror ;  the  two  sets  may  be,  in  a 
sense,  identical,  though  not  superposable  or  congruent. 
Thus,  for  example,  a  point  in  the  centre  of  a  right  hand 
glove  has  precisely  the  same  environment  as  a  point  in  the 
centre  of  a  left  hand  glove,  yet  the  two  are  not  super¬ 
posable  ;  the  one  is,  as  it  were,  the  reflection  of  the  other. 

In  this  way,  then,  Schonflies  and  Fedorow  admit  the 
possibility  of  deriving  one  part  of  their  system  from  another 
by  reflection  ;  in  Sohncke’s  method  such  a  reflection  may 
and  does  take  place,  but  only  as  a  result  of  the  other 
movements. 

Now  the  interesting  feature  of  the  new  theory  is  that  it 
is  a  purely  structural  theory  ;  nothing  is  said  about  the 
nature  of  the  particles  ;  they  may  be  identical  throughout ; 
and  yet  it  accounts  for  the  two  essential  features  of  a  crystal, 
the  subjection  of  the  faces  to  the  law  of  rational  indices, 
and  the  existence  of  thirty-two  types  of  symmetry. 

The  law  of  rational  indices  is  more  or  less  implied  in 
the  fact  that  all  the  230  structures  consist  of  interpenetrating 
lattices  (just  as  in  Sohncke’s  theory),  and,  as  has  been 
pointed  out  above,  the  planes  of  lattices  obey  this  peculiar  law. 

In  Sohncke’s  theory  the  law  of  rational  indices  is  equally 
implied  Tor  the  same  reason  ;  but  the  thirty-two  types  of 
symmetry  cannot  be  deduced  without  assuming  that  the 
particles  are  of  two  or  more  different  sorts. 
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The  newer  theory  shows,  for  the  first  time,  that  these 
two  essential  features  can  be  deduced  by  purely  geometrical 
reasoning  from  a  purely  geometrical  definition  ;  the  arbitrary 
assumptions  which  mar  the  theories  of  Bravais  and  Sohncke 
are  no  longer  necessary.  It  cannot  be  denied  that  this  is 
an  extremely  interesting  result,  whether  the  theory  have  any 
physical  meaning  or  no. 

The  new  theory  is,  of  course,  more  complicated  than 
Sohncke’s  system,  just  as  the  latter  was  more  complicated 
than  the  early  theories  of  Wollaston  and  Hauy,  or  than  that 
of  Bravais  ;  there  are,  for  example,  no  fewer  than  thirty 
different  structures  possible,  according  to  Schonflies  and 
Fedorow,  for  a  holohedral  orthorhombic  crystal,  as  com¬ 
pared  with  nine  in  Sohncke’s  theory,  and  four  in  that  of 
Bravais  ;  much  more  research  is  naturally  required  before 
we  can  determine  which  of  these  thirty  is  the  most  probable 
for  a  given  orthorhombic  crystal,  such  as  barium  sulphate. 

On  the  other  hand,  it  must  not  be  forgotten  that  certain 
groups,  such  as  the  anorthic,  and  one  mode  of  tetartohedrism 
in  the  hexagonal  system,  have  only  one  corresponding 
molecular  structure,  even  in  Schonflies’  theory ;  it  is  in 
these  that  the  structure  theories  are  to  be  most  easily 
tested. 

A  great  advance  has  been  made,  if  we  can  dismiss  from 
our  structures  all  molecules  of  a  definite  form,  like  the  poly¬ 
hedral  molecules  of  Hauy,  the  ellipsoidal  molecules  of 
Wollaston  and  Dana,  the  pear-shaped  molecules  of  Kekule, 
and  the  other  fantastic  devices  which  have  been  introduced 
to  account  for  crystal  symmetry.  It  is  also  an  advantage 
to  escape  the  necessity  of  assuming  any  difference  in  the 
nature  of  the  structural  emits  of  a  crystal;  there  is  no  direct 
evidence  of  any  such  difference.  It  remains  to  be  seen 
how  far  the  physical  and  chemical  characters  demand  that 
such  a  difference  should  be  recognised.  Barlow  and  Sohncke 
have  insisted  upon  the  necessity  of  doing  so,  and  Lord  Kelvin 
introduces  something  of  the  sort  into  the  structure  which  he 
has  devised  to  account  for  the  piezo-electricity  of  quartz. 

It  must  be  pointed  out,  however,  that  even  a  purely 
structural  theory  like  that  of  Schonflies,  although  it  supposes 
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all  the  particles  to  be  identical,  does  implicitly  recognise  a 
difference  in  their  symmetry.  Two  molecules  with  their 
respective  environments  which  bear  the  relation  to  one 
another  of  an  object  to  its  image,  must  differ  completely 
in  their  inherent  symmetry,  just  as  a  right  hand  differs 
from  a  left  hand.  For  this  reason  Sohncke  (19)  accuses 
Schdnflies  of  constructing  his  crystal  from  two  sorts  of 
molecules  which  bear  this  peculiar  and  arbitrary  relation  to 
each  other  ;  right-  and  left-handed  molecules  ;  some  struc¬ 
tures  consisting  of  right-handed,  some  of  left-handed  mole¬ 
cules,  and  some  of  both.  We  may  remark,  however,  that 
the  relation  is  not  arbitrary,  but  results  from  the  elementary 
principles  of  symmetry  of  position  ;  further,  that  it  harmon¬ 
ises  very  well  with  the  characters  of  optically  active  sub¬ 
stances  which  crystallise  in  right-  or  left-handed  forms 
(dextro-chiral  and  laevo-chiral,  as  they  are  called  by  Lord 
Kelvin) ;  these  appear  to  be  really  constructed  of  right- 
and  left-handed  particles,  for  the  character  persists  in  the 
solution. 

Here,  however,  we  are  beginning  to  travel  outside  the 
pure  geometry,  and  to  raise  questions  belonging  to  the 
physical  aspect  of  the  subject,  which  it  is  not  the  purpose 
of  the  present  article  to  pursue. 

Two  remarks  in  conclusion.  We  have  seen  that  the 
thirty-two  types  can  be  deduced  from  two  assumptions,  as 
was  done  by  Hessel  and  Gadolin  ;  firstly,  that  the  symmetry 
of  a  crystal  is  homogeneous,  i.e.}  that  in  any  one  crystal  a 
direction  is  symmetrically  repeated  in  the  same  manner, 
from  whatever  point  that  direction  be  taken  ;  secondly,  that 
the  faces  of  a  crystal  obey  the  law  of  rational  indices. 
Now  the  first  of  these  is  a  structural  law,  and  is  always 
true,  in  a  physical  sense  at  least ;  but  the  second  is  a  law 
relating  to  the  external  form  of  the  crystal,  and  is  a  question 
of  superficial  equilibrium  between  the  crystal  substance  and 
the  medium  from  which  it  crystallises  ;  when  a  crystal  is 
immersed  in  a  solution  which  is  not  concentrated,  it  assumes 
a  more  or  less  rounded  form,  to  which  the  law  of  rational 
indices  has  no  application.  No  doubt  the  law  is  a  result  ot 
the  homogeneous  structure,  under  certain  conditions. 
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If  we  are  to  deduce  the  thirty-two  groups  from  the 
simple  principle  of  homogeneity  alone,  without  assuming 
this  law,  we  have  at  present  to  adopt  a  structural  theory. 
Now  there  is  no  direct  evidence  that  the  constituent  par¬ 
ticles  of  crystals  are  different  in  their  nature  ;  we  are ,  there¬ 
fore,  driven  to  the  theory  of  SchonfLies  and  Fedor ow. 

That  theirs  are  purely  geometrical  structures  in  which 
the  particles  are  mathematical  points  may  be  a  recommenda¬ 
tion  rather  than  an  objection  to  the  theory,  for  it  serves  to 
remind  us  that  the  structure  is  to  be  regarded  as  merely  a 
model  or  representation  of  something  of  wThich  we  have  no 
nearer  knowledge,  and  does  not  necessarily  indicate  the 
relative  positions  of  the  molecules  any  more  than  the  figures 
of  stereo-chemistry  necessarily  indicate  the  relative  positions 
of  the  atoms. 

The  second  remark  relates  to  a  point  which  is  often 
overlooked.  The  structure  theories  do  not  assume  that  a 
crystal  is  necessarily  symmetrical  ;  they  acknowledge  that 
a  crystal  may  be  devoid  of  symmetry  (calcium  hyposulphite 
and  acid  strontium  tartrate  are  examples)  ;  they  only  assert 
that  a  crystal  must  belong  to  one  of  thirty-two  types,  of 
which  one  has  no  symmetry,  but  the  remaining  thirty-one 
are  symmetrical  in  various  degrees  ;  similarly  they  indicate 
that  if  a  crystal  is  bounded  by  plane  faces  there  is  good 
reason  for  believing  that  these  should  be  the  planes  of  a 
Bravais  lattice,  that  is,  should  obey  the  law  of  rational 
indices.  Why  a  crystal  should  be  symmetrical,  or  why  it 
should  be  under  certain  circumstances  bounded  by  plane 
faces,  they  utterly  fail  to  show. 

One  objection  which  may  be  urged  against  the  structural 
theories  may  be  considered  in  conclusion.  It  may  be  said 
that  they  are  mere  mathematical  exercises  which  have  no 
physical  meaning. 

In  reality,  however,  as  Schbnflies  is  careful  to  point  out 
(20),  what  the  structural  theory  does  is  this  :  it  divides 
space  into  fundamental  cells,  within  each  of  which  analogous 
portions  of  matter  must  be  distributed  in  an  analogous 
manner,  leaving  the  chemist,  physicist  and  crystallographer 
to  decide  what  are  the  characters  of  these  portions  of  matter, 
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or  to  operate  as  they  please  with  atoms  and  molecules  ;  it 
defines  the  limits  within  which  physical  theories  of  crystal¬ 
line  structure  may  have  free  play. 
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CRITICAL  REMARKS  ON  THE  THEORIES  OF 
EPIGENESIS  AND  EVOLUTION. 


MR.  G.  C.  BOURNE’S  thoughtful  paper  in  the  April 
number  of  “  Science  Progress  ”  showed,  in  a  very 
interesting  manner,  how  in  the  most  recent  and  popular 
evolutionary  views — notably  in  those  of  Professor  Weis- 
mann — we  have  an  unintentional  return  to  hypotheses  of  the 
eighteenth  century  (of  Haller  and  Bonnet),  which  long  ago 
were  considered  as  definitely  refuted  and  had  been  discarded 
accordingly.  He  also  urged  that  this  return  was  so  far  in 
conflict  with  the  doctrine  of  epigenesis  that  the  truth  of  the 
latter  ran  a  risk  of  being  thereby  obscured  and  lost  sight  of. 

Nevertheless  there  is  evolution  and  evolution,  and 
though  the  form  of  evolution  he  combats  is  open  to  his 
criticism,  it  does  not  follow  that  there  is  any  conflict  be¬ 
tween  epigenesis  and  evolution  otherwise  understood  In¬ 
deed  the  idea  of  evolution,  as  I  understand  it,  far  from 
being  antagonistic,  is  complementary,  to  that  of  epigenesis. 

For  me  the  term  '‘evolution”  has  a  predominantly 
dynamic  implication,  while,  by  the  word  “epigenesis,”  I 
would  mainly  refer  to  the  material  results  of  evolution — 
the  facts  concerning  order,  form  and  relation  of  a  developing 
organism’s  several  parts. 

A  process  of  epigenesis  may  be  conceived  of  as  taking 
place  in  two  different  ways,  either  mainly  through  external 
agencies  or  through  an  internal  cause.  Now  for  the  de¬ 
velopment  of  the  ovum  a  fit  environment  is  of  course  neces¬ 
sary,  as  due  physical  external  agencies  are  required  for  the 
development  of  a  grain  of  corn.  Still  it  is  the  nature  and 
internal  condition  of  the  living  corn-grain  which  is,  par 
excellence ,  the  cause  of  its  growth,  and  such  is  also  the  case 
as  regards  the  living  ovum.  The  term  “evolution”  may 
be  employed,  as  it  has  been,  to  denote  that  the  successive 
formation  of  parts  not  previously  existent  is  due,  not  to 
their  imposition  from  without,  but  to  their  generation  from 
within.  Used  in  this  sense  “  evolution  ”  is  not  obnoxious  to 
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the  charge  of  implying  the  existence  of  minute  parts  each 
of  which  already  possesses  the  essential  characters  ol  the 
body  which  are  to  result  from  their  agency. 

As  to  such  hypothetical,  material  particles,  Mr.  Bourne 
has  justly  urged  that  when  we  try  and  get,  by  the  aid  of 
the  imagination,  behind  and  beyond  what  is  perceptible  to 
the  senses,  we  become  the  victims  of  mere  mental  images, 
which  he,  after  Wolff,  terms  fabulce. 

Hypothetical  “  gemmules,”  “  plastidules,”  “micellae,” 
“  inotagmata,”  “  idiosomes,”  “  plasms,”  etc.  (however  prac¬ 
tically  useful  as  working  hypotheses),  each  and  all,  he  tells 
us,  when  carefully  considered,  will  be  found  no  less  to  need 
explanation  themselves  than  do  the  phenomena  they  are 
called  in  to  explain.  Such  is  the  case  since  the  “difficulty 
as  regards  vital  phenomena”  is  not  “in  any  way  dimin¬ 
ished  ”  by  their  aid,  but  “  simply  moved  further  back  ”.  As 
to  Professor  Weismann’s  “biophors,”  he  remarks,1  they 
exhibit  the  primary  vital  forces,  assimilation  and  meta¬ 
bolism,  growth  and  multiplication  by  “fission,”  while  “they 
are  also  bearers  of  the  qualities  of  cells  ”  and  have  “  heritable 
qualities  ”  which  they  can  hand  on  to  their  progeny.'2 
Again,  he  adds  : 3  “  Whitman  must  have  his  idiosomes  to 
explain  what  he  found  inexplicable  in  cells,  but  what 
explains  the  behaviour  of  idiosomes?”  Yet  Mr.  Bourne 
himself  shows  a  favour  to  “molecules,”  which  he  denies  to 
imaginary  entities  of  supposed  larger  dimensions.  He  tells 
us:4  “We  may  concede  a  great  complexity  of  molecular 
structure  to  the  idioplasm  of  the  nucleus  ”.  Of  course  we 
may  ;  but  what  then  ? 


1  p.  1 1 3. 

2  According  to  Weismann  each  biophor  is  also  capable  of  changes  and 
modifications  by  means  of  rearrangements  of  its  constituent  molecules. 
Now  such  changes  and  modifications  cannot  be  uncaused  but  must  be 
induced  in  the  biophor  during  its  life  by  its  environment.  But  the  char¬ 
acters  of  the  biophor  are  heritable.  Therefore,  the  biophor  is  a  living 
creature,  which  is  capable  of  transmitting  acquired  characters  to  its  pos¬ 
terity.  This  is  surely  no  small  argumentum  ad  hominem  in  favour  of  their 
transmission  by  organisms,  of  which  the  biophor  is  but  a  diminutive 
representative  ! 


3  p.  1 24. 


p.  125. 
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Yet,  in  truth,  neither  Mr.  Bourne,  Professor  Whitman, 
Professor  Nageli,  Professor  Weismann  nor  any  other  in¬ 
ventors  of  such  mental  images  are  to  be  blamed,  or  in  the 
least  disesteemed  for  their  failure  in  presenting  satisfactory 
explanations.  Such  failure  is  but  the  inevitable  result  of 
attempting  the  impossible.  However  we  may  minimise  or 
subdivide  such  supposed  material  elements,  the  same  diffi¬ 
culty  will  ever  recur.  In  the  same  way  as  when  we  seek  to 
explain  the  physiology  of  an  organism  by  the  functions  of 
its  ‘‘cells,  each  cell  so  considered  becomes  but  an  organism 
itself  “writ  small”;  so  every  biophor,  idiosome,  etc.,  of  a 
cell  again  becomes  the  cell,1  again  “writ  small”.  This  is  the 
case  with  the  “  molecules  ”  also,  since  the  mere  juxtaposition 
of  functionless,  similar  particles  can  never  account  for  vital 
phenomena,  such  as  growth  and  reproduction,  to  say  no¬ 
thing  of  sensation  and  reflex  consciousness !  However 
we  may  play  with  such  images  by  the  aid  of  a  subtle  and 
fertile  imagination  the  same  inevitable  and  insoluble  diffi¬ 
culty  will  ever  recur.  Indeed  the  most  fertile  producer  of 
imaginary  hypotheses  of  our  own  day,  has  really  made  this 
confession  by  declaring  that  so  long  as  we  know  practically 
nothing  about  the  forces  which  act  in  and  among  biophors, 
they  cannot  afford  us  what  he  regards  as  an  explanation  of 
vital  phenomena. 

We  can  decline  to  seek  for  any  explanation  and  then 
we  may  rest  contented  with  the  formula  of  epigenesis, 
which  sums  up  the  facts  which  we  can  perceive  by  the  aid 
of  our  senses.  But  if  we  seek,  as  our  nature  impels  us  to 
seek,  a  cause  which  may  explain  the  facts  of  epigenesis  we 
shall  be  forced  to  have  recourse  to  one  of  a  radically  differ¬ 
ent  nature.  Mr.  Bourne  does  not  seem  to  see  this  for  he  says  :2 

1  Mr.  Bourne  softens  down  somewhat  too  much  the  difference  which  has 
been  commonly  thought  to  exist  between  unicellular  and  multicellular 
organisms.  I  welcome,  however,  the  minimising  of  that  difference,  for  I 
cannot  regard  the  contractile  fibre  of  Vorticella  as  something  essentially 
different  from  a  muscular  fibre,  for  the  sole  reason  that  the  former  is  the 
product  of  a  single  cell.  The  real  equivalent  in  a  man  of  the  single  cell  of 
Voi'ticella  is,  for  me,  nothing  less  than  the  man’s  whole  body. 

2p.  113. 
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“  The  arguments  of  those  who  plead  for  the  existence 
of  infinitesimal  units,  whether  micellae  or  pangenes  or 
biophors  or  what  not,  amount  to  this  :  so  far  we  have 
been  able  to  observe  with  our  senses,  but  the  things  which 
we  have  observed  remain  unintelligible  to  us  ;  reason  tells 
us  that  behind  all  this  there  must  be  something  which  we 
are  at  present  unable  to  observe,  and  analogy  leads  us  to 
believe  that  this  is  in  the  form  of  material  particles 

Such  conceptions  are  necessarily  unsatisfactory  for  the 
following  reason  :  In  the  various  activities  commonly  called 
“vital,”  we  can  perceive  various  parts  of  an  organism 
under  successively  different  conditions  ;  but  the  activities 
themselves,  whatever  may  be  their  nature,  are  not  also 
material  bodies'  and  are  utterly  imperceptible  to  our  senses. 
Now  we  can  never  imagine  anything  of  which  we  have  had 
no  sort  of  sensuous  experience.  Biophors,  micellae,  inotag- 
mata,  pangenes  and  molecules,  are  terms  for  mental  images 
of  material  particles  which  differ  only  from  bodies  percep¬ 
tible  to  the  senses,  because  they  are  supposed  to  be  of 
exceedingly  minute  size.  They  are,  therefore,  necessarily 
incapable  of  making  us  understand  anything  immaterial,  and 
the  use  of  them  amounts  to  an  attempt  to  make  imaginary 
representations  of  things  perceptible  to  the  senses  serve  as 
representations  of  things  imperceptible  to  the  senses  and 
therefore  essentially  incapable  of  any  such  representation. 

The  irrationality  of  this  is  very  often  unnoticed,  because 
the  imagination  of  an  immense  multiplication  and  complica¬ 
tion  of  minute  parts  and  their  motions,  tends  so  to  fatigue 
the  fancy  as  to  make  some  persons  think  that  by  having 
had  their  imagination  thus  overwhelmed  by  a  complication 
of  images  exceeding  its  grasp,  they  have  arrived  at  some¬ 
thing  of  a  really  different  nature  and  capable  of  explaining 
phenomena  the  senses  can  take  cognisance  of. 

Can  we  attain  to  any  more  satisfactory  explanation, 
or  must  we  sit  down  contented,  or  discontented,  with  the 
assertion  of  epigenesis  as  a  fact  ? 

We  have  seen  Mr.  Bourne  himself  affirm  that  reason 
declares  the  existence  of  something  else  behind  what  we 
can  observe. 
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Now,  in  every  investigation  our  first  duty  is  to  inquire 
what  facts  are  most  certain  and  evident,  and  what  conse¬ 
quences  evidently  flow  therefrom,  and  our  various  speculations 
and  hypotheses  must  be  judged  by  the  results  of  such  inquiry. 

In  studying  the  activities  of  organisms,  therefore,  we 
should  first  make  use  of  that  about  which  we  can  obtain  the 
most  evident  and  certain  knowledge.  But  of  all  organisms 
no  one  is  nearly  so  well  known  to  us  as  is  our  own.  No¬ 
thing  then  can  well  be  more  irrational  than  for  us  to  ignore 
our  self-knowledge,  while  seeking  to  understand  the  nature 
of  other  living  organisms. 

Prominent  amongst  the  “humble  philosophy  of  facts” 
is  the  fact  that  we  not  only  think  but  can  know  we  are 
thinking,  that  we  can  know  much  of  our  own  past  in  addi¬ 
tion  to  our  present,  and  that  we  can  consider  and  reconsider 
our  thoughts  in  different  groups  and  serial  orders,  passing 
them  in  review,  as  it  were,  before  a  present  consciousness 
of  them  and  of  ourselves. 

If  we  are  certain  (and  I  think  only  an  unsound  mind 
can  doubt  it)  that  we  have — that  we  consist  of — a  material 
extended  body,  it  is  yet  more  evident  and  indisputable  that 
we  have — that  we  consist  of — an  individual  immaterial 
energy.  Of  much  which  this  energy  can  accomplish  we  are 
directly  conscious.  That  the  phenomena  of  the  body  are 
influenced  thereby  is  certain,  while  our  conscious  psychical 
activity  shades  off  into  activities  of  which  we  are  entirely 
unconscious. 

On  the  principle  of  parsimony  we  cannot,  in  the  absence 
of  evidence,  deny  that  this  immaterial  psychical  energy  (which 
shows  itself  in  our  conscious  mental  activity  and  acts  in 
states  of  our  being,  ordinarily  unnoted,  but  which  can  be 
known  to  consciousness),  also  energises  in  all  the  body’s 
unconscious  activities. 

I  do  not,  of  course,  mean  we  are  conscious  of  anything 
within  our  body  and  distinct  from  it,  but  that  we  are  con¬ 
scious  of  being  both  a  material  organism  and  an  immaterial 
energy,  and  that  the  latter,  during  healthy  life,  is  dominant 
and  directive.  This  indeed  is  shown  by  every  act  we  con¬ 
sciously  perform  in  obedience  to  our  will. 
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Here  is  one  absolutely  certain  and  evident  fact,  of  which 
every  biologist  is  bound  to  take  account  as  being  the  most 
certain  of  all  biological  facts. 

Since,  then,  we  know  this  fundamental  verity  with 
respect  to  the  animal  man,  it  is  reasonable  to  suppose  that 
other  organisms  which  resemble  man  in  various  degrees 
each  of  them  also  consists  of  an  extended  material  structure 
and  an  individual  immaterial  energy,  however  different  it 
may  be  from  that  of  man  in  its  powers  and  faculties. 

It  is  now  becoming  more  and  more  distinctly  recognised 
that  each  organism  in  the  course  of  its  development  and 
its  subsequent  life-history  is  dominated  and  governed  by 
some  individuating  agency.  Professor  Burdon  Sanderson’s 
words  at  the  penultimate  meeting  of  the  British  Association, 
though  avoiding  any  direct  consideration  of  the  problem, 
decidedly  favoured  such  a  view.  As  we  have  seen,  Pro¬ 
fessor  Weismann  recognises  the  existence  of  a,  to  him 
inscrutable,  force  as  acting  in  every  biophor,  and  Professor 
Whitman  has  declared  “  that  organisation  precedes  cell- 
formation  and  regulates  it  rather  than  the  reverse,  is  a 
conclusion  that  forces  itself  upon  us  from  many  sides  ”. 

That  a  living  organism  is  a  unity  consisting  of  an  im¬ 
material  individuating  energy,  immanent  in  a  variously  dif¬ 
ferentiated  mass  of  matter  which  it  dominates  and  regulates, 
is  a  conception  which  the  imagination  cannot  picture,  That 
circumstance,  however,  is  no  bar  to  its  satisfactory  character 
for  the  intellect,  because  it  harmonises  and  accounts  tor  the 
phenomena  of  organic  life  in  a  way  which  accords  with  the 
most  certain  of  all  our  knowledge  about  our  own  organism. 

Mr.  Bourne  speaks1  of  “unmeaning  phrases,  such  as 
formative  forces,  vital  principles  and  the  like”.  I  echo  his 
words  in  so  far  as  no  “  vital  force  ”  or  “  principle,”  apart  from 
real  individual  organisms,  is  for  me  either  a  perception  or 
an  inference.  Nevertheless,  the  existence  of  our  individuat¬ 
ing,  immaterial,  psychical  power  is  a  matter  of  direct  per¬ 
ception  and  therefore  as  full  of  meaning  as  can  well  be, 
while  as  to  other  organisms  the  existence  of  a  parallel  power 
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is  a  matter  of  reasonable  inference  ;  as  directly  depending  on 
the  highest  possible  evidence  it  is  emphatically  scientific. 
This  conception  was  not  “unmeaning”  to  one  of  the 
greatest  of  human  intellects,  for  it  was  that  of  Aristotle 
who  taught  it.  It  is  practically  accepted,  indeed  both  by 
Weismann  and  Hackel.  The  former,  as  before  said, 
credits  biophors  with  peculiar  forces,  while  the  latter  is 
ready  enough  to  attribute  an  individuating  energy  to  every 
cell.  Why  then  are  such  forces  to  be  denied  to  individual 
animals  and  plants  ? 

But  Mr.  Bourne  appears  to  adopt  a  mistaken  view  put 
forward  by  the  late  Professor  Tyndall.  The  latter  regarded 
an  ability  to  “  mentally  visualise  ”  a  conception  as  a  neces¬ 
sary  condition  of  its  truth.  Yet  to  “mentally  visualise” 
anything  immaterial  would  be  a  contradiction,  and  a  “men¬ 
tally  visualised  ”  notion  of  the  kind  must,  by  the  mere  fact 
that  it  is  so  visualised,  be  a  false  notion. 

Students  of  science  are  often  too  ready  to  bow  down  to 
authority  and  accept  the  dicta  of  men  of  wide  repute  with¬ 
out  examining  what  such  dicta  may  be  worth.  They  thus 
become  the  victims  of  prejudice,  forgetting  that  popular 
opinion,  even  scientific  popular  opinion,  is  of  no  avail 
against  facts  and  logical  deductions  therefrom. 

It  is  time  to  protest  vigorously  against  the  statement  that 
the  several  departments  of  science  should  each  be  kept  “  care¬ 
fully  apart  ”  from  the  highest  department  of  science — from 
that  which  alone  gives  validity  to  every  other.  Such  a  state¬ 
ment  is  really  as  absurd  as  it  would  be  to  say  that  arith¬ 
metic  should  be  kept  carefully  apart  from  the  philosophic 
conception  of  “number,”  and  geometry  from  that  of  “ex¬ 
tension  ”. 

The  impossibility  of  teaching  physical  science  in  terms 
of  mere  phenomena  has  seldom  been  more  strikingly  exem¬ 
plified  than  in  Professor  Pearson’s  recent  work  on  physics — 
an  attempt  to  effect  the  impossible.  In  the  conception  here 
advocated  as  the  one  only  satisfactory  explanation  of  organic 
life,  we  have  what  no  one  can  deny  to  be  a  vera  causa ,  one 
which  is  supremely  evident  in  and  to  ourselves  and  which 
we  may,  by  the  most  rational  analogy,  extend  to  other 


5°8 


SCIENCE  PROGRESS . 


organisms.  While  satisfying  the  mind  as  being  an  intel¬ 
ligible,  though  unimaginable  cause,  it  tends  neither  to  stifle 
nor  to  limit  inquiry.  Nothing  here  advanced  tends  to  de¬ 
preciate  the  cell-theory,  nor  any  other  physical  hypothesis  of 
practical  utility.  Let  the  essence  of  each  living  creature  be 
an  active,  immaterial  principle  of  individuation,  it  remains 
not  a  whit  less  true  that  the  various  cells  of  the  tissues  are 
conditions  sine  qua  non  of  growth  and  that  “the  whole 
organism  subsists  only  by  means  of  the  reciprocal  action  of 
its  single  elementary  parts  ”. 

This  conception  being  accepted  a  practically  inexhaust¬ 
ible  field  of  research  will  none  the  less  ever  remain  open 
for  the  discovery  of  the  successive  hierarchies  of  material 
agents,  which  intervene  between  the  immanent  prime  cause 
of  each  organism’s  activity  and  the  ultimate  manifestations  of 
the  latter.  The  structure  of  the  cell,  its  nucleus,  its  more 
minute  structures  and  the  interactions  of  the  many  parts 
which  yet  remain  to  be  discovered,  are  in  no  way  less 
interesting  to  one  who  accepts  the  view  here  advocated 
than  to  him  who  is  unable  or  unwilling  to  rise  above  the 
imagination  of  material  particles  exclusively. 


St.  George  Mivart. 


ELECTROMOTIVE  PHENOMENA  IN 

GLANDS. 


IN  so  many  instances  of  physiological  action  has  it  been 
demonstrated  that  there  is  a  development  of  electro¬ 
motive  force,  that  the  physiologist  almost  expects  to  find 
an  electrical  expression  of  any  essential  vital  phenomenon 
under  his  consideration. 

In  muscle  and  nerve,  the  story  has  been  studied  now 
for  upwards  of  a  century,  and  the  mass  of  our  knowledge 
of  the  processes  underlying  the  development  of  electricity 
in  animal  tissues,  culled  from  these,  the  oldest  sources,  forms 
the  base  upon  which  the  theory  of  the  subject  mainly  rests, 
the  standard  to  which  the  points  of  more  recent  discoveries 
are  frequently  referred. 

What  knowledge  we  have  of  the  electrical  events  taking 
place  in  secreting  cells  is,  however,  of  fairly  recent  date, 
and  although  the  accumulation  of  facts  is  considerable,  their 
interpretation  is  as  yet  a  matter  of  great  difficulty. 

The  glands  of  the  frog’s  skin  have  all  along  been  favourite 
structures  for  the  investigation  of  the  matter,  on  account  of 
the  great  ease  with  which  a  nerve-skin  preparation  is 
obtained,  and  it  will  be  convenient  to  first  sketch  the  facts 
known  regarding  these  organs. 

Emil  du  Bois-Reymond,  in  1851,  in  his  endeavours  to 
demonstrate  the  existence  of  electrical  currents  in  the 
muscles  of  uninjured  frogs,  discovered  that  the  skin  of  the 
animal  was  itself  a  source  of  electromotive  force,  which  was 
altogether  of  too  high  magnitude  to  be  attributable  to  mere 
differences  in  chemical  reaction  between  the  parts  to  which 
the  electrodes  were  applied.  Finding  that  removal  of  the 
surface  layers  containing  the  glands  abolished  the  current, 
and  that  the  skins  of  fish,  which  he  considered  non-glandular, 
gave  no  such  current,  he  concluded  that  the  glands  of  the  skin 
were  a  source  of  electromotive  force  with  ingoing  current.1 

1  Throughout  this  article,  the  terms  ingoing  and  outgoing  applied  to 
gland  currents  have  the  following  significance :  Ingoing  current  means  a 
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Rosenthal  soon  corroborated  the  truth  of  the  original 
observation,  and  likewise  considered  that  a  “  gland  current  ” 
was  under  observation,  since  he  found  the  source  of  electro¬ 
motive  force  lay  nearer  the  outer  than  the  inner  surface  of 
the  skin  ;  he  further  demonstrated  that  a  similar  ingoing 
current  could  be  derived  from  both  the  acid  stomach  and 
the  alkaline  gut  in  both  frog  and  rabbit. 

A  “current  of  rest”  of  probable  glandular  origin  having 
been  shown  to  exist,  it  was  necessary  to  obtain  evidence  of 
“current  of  action”  as  result  of  excitation  of  the  nerves  of 
the  skin  glands. 

The  first  systematic  research  upon  the  subject  was  by 
Roeber,  under  Rosenthal’s  direction,  though  it  should  be 
mentioned  that  Valentin  had  seen  the  effect  several  years 
previous. 

Roeber  observed  an  outgoing  “  current  of  action”  ( i.e.y 
negative  variation  of  the  current  of  rest)  to  be  the  rule, 
though  the  matter  was  complicated  by  the  occasional 
appearance  of  an  ingoing  current.  The  effect  was  not 
affected  by  curare  ;  indeed,  his  most  striking  experiment 
was  with  a  curarised  and  subsequently  strychnised  frog, 
in  which  a  tap  on  the  table  sent  the  galvanometer  needle 
into  “Zuckungen,”  while  the  frog  lay  motionless. 

The  matter  shortly  became  the  subject  of  a  masterly 
research  by  Engelmann.  Having  made  an  exhaustive 
microscopic  examination  of  the  glands  of  the  skin  and 
membrana  nictitans  in  the  living  state,  paying  especial  atten¬ 
tion  to  the  conditions  of  the  contractile  phenomena  first 
described  by  Ascherson,  Engelmann  turned  his  attention  to 
the  electrical  changes.  Imbued  at  the  time  with  the  “  Pra- 
existenz  Theorie”  of  Du  Bois-Reymond,  for  Engelmann 
the  current  of  the  “resting”  skin  derived  its  electromotive 
force  from  the  fibres  of  the  contractile  sheath  of  the  glands, 
and  this  electromotive  force  he  considered  as  the  “Trieb- 

current  running  in  the  gland  from  neck  to  base,  i.e.,  neck  galvanometrically 
negative  to  base ;  so  also  in  a  unicellular  gland  (goblet  cell)  current  from 
superficial  to  deep  end  of  the  cell.  Outgoing  has,  of  course,  the  opposite 
meaning.  The  adoption  of  these  expressions  saves  to  a  large  extent  the 
confusion  liable  to  arise  from  the  use  of  the  terms  “  negative  or  positive 
variation  ”. 
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kraft  ”  for  the  passage  of  fluid  across  the  living  cells  in  an 
act  of  secretion. 

Says  Engelmann  :  “  Die  Absonderung  der  Hautdriisen 
ist  nichts  Anderes  als  electrische  Osmose 

The  “  negative  variation  ”  of  the  “current  of  rest”  of 
the  skin,  upon  excitation  of  its  nerves,  he  considered  as  due 
to  the  “  negative  variation  ”  of  the  pre-existing  current  of 
the  contractile  cells.  Thus  the  forcing  of  fluid  into  the 
lumen  of  the  gland  was  considered  as  taking  place  con¬ 
tinuously,  while  at  intervals,  when  the  outer  sheath  con¬ 
tracted,  expulsion  of  the  contents  of  the  lumen  took  place, 
and  for  the  time  being  the  “  Triebkraft  ”  was  diminished. 
Engelmann,  indeed,  always  obtained  the  highest  readings 
for  the  electromotive  force  of  the  “current  of  rest,”  under 
conditions  which  he  knew  from  microscopic  work  to  be 
favourable  to  dilated  glands  with  resting  “muscle”  sheath. 
Later,  direct  observations  upon  the  electromotive  force  of 
smooth  muscle  fibres  from  the  stomach  of  the  frog  seem  to 
have  raised  doubts  in  Engelmann’s  mind  as  to  the  validity 
of  his  original  “myogenic  hypothesis,”  and  the  idea  is 
noted  here  rather  for  its  ingenuity  and  historical  interest 
than  for  any  other  purpose.  The  actual  observations  are, 
however,  in  many  respects  of  great  value,  and  it  should  be 
noted  here  that  Engelmann  observed  something  of  the 
nature  of  a  “  double  current  ”  (outgoing  followed  by  ingoing) 
upon  excitation,  though  he  considered  the  second  effect  as 
of  the  nature  of  an  “after  effect”. 

Hermann  next  studied  the  subject.  In  his  first  paper 
he  does  not  commit  himself  to  any  definite  explanation  of 
the  source  of  electromotive  force  of  the  “resting”  skin, 
though  on  the  idea  that  some  cell  processes  may  underlie 
the  matter,  he  hints  at  some  difference  of  action  in  the 
mucous  and  granular  varieties  of  skin  glands  being  the 
cause  of  the  diphasic  variation,  which  he  also  observed. 
The  normal  direction  of  the  “current  of  action”  is,  accord¬ 
ing  to  Hermann,  ingoing,  though  there  is  often  a  preceding 
outgoing  “  Vorschlag”.  This  statement  is  quite  opposed 
to  the  finding  of  Engelmann,  who,  as  a  rule,  got  outgoing 
action  current  on  stimulation. 

35 
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Two  pupils  of  Hermann,  Bach  and  Oehler,  continued 
the  work,  and  made  the  important  observation  that  the 
direction  of  the  action  current  could  be  varied  at  will  by 
certain  methods  of  treatment,  viz. ,  heating  to  50°  c.,  pencilling 
the  skin  with  saturated  mercuric  or  sodic  chloride  solutions, 
and  by  repeated  excitation.  By  such  procedure,  an  action 
current  previously  outgoing  in  direction  could  be  made  in¬ 
going,  though  naturally  by  such  treatment  a  fall  in  the 
electromotive  force  of  the  “current  of  rest”  was  to  be 
expected,  and,  indeed,  was  observed. 

Bach  and  Oehler  also  found  that  atropine  abolished  the 
excitatory  variation,  making  it  all  the  more  probable  that 
.such  variation  is  of  glandular  origin. 

By  the  treatment  with  mercuric  chloride,  it  was  found 
that  while  the  “current  of  rest”  could  often  be  completely 
annihilated,  a  “current  of  action”  could  still  be  elicited, 
and  this  fact,  together  with  his  observation,  that  the  skin  of 
the  fish  (which  he  considered  “  non-glandular  ”)  gave  an 
ingoing  “current  of  rest,”  led  Hermann  in  a  second  paper 
to  formulate  a  distinct  theory  of  the  electromotive  action  of 
the  frog’s  skin. 

The  electromotive  force  of  the  “  current  of  rest”  (since 
he  found  such  a  current  in  the  so-called  “  non-glandular  ”  fish 
skin)  Hermann  considered  as  epidermic  in  origin,  and  on 
the  Alteration  theory  to  be  produced  by  the  keratinisation 
of  the  surface  of  the  epidermis  acting  as  a  demarcation 
surface  in  protoplasmic  continuity.  No  component  of  the 
current  of  the  spheroidal  skin  glands  with  closed  ducts  is 
considered  as  derivable  at  the  surface  touched  by  the  elec¬ 
trodes,  so  long  as  the  glands  are  in  the  resting  state. 

On  excitation,  however,  the  contraction  of  the  gland 
puts  the  interior  into  direct  communication  with  the  surface 
by  the  extruded  thread  of  slime.  Should  the  electromotive 
force  of  the  gland  cells  be  less  than  that  of  the  epidermic 
cells  at  the  moment  that  the  “lead  off”  is  established,  a 
“  negative  variation  ”  of  the  skin  current  must  occur.  When, 

o 

however,  the  gland  cells  become  active  (and  in  the  case  just 
mentioned  one  is  supposed  to  be  within  the  latency  of  the 
.secreting  cells,  though,  of  course,  not  within  that  of  the 


ELECTROMOTIVE  PHENOMENA  IN  GLANDS.  513 


contractile  sheath)  their  electromotive  force  exceeds  that  of 
the.  epidermis,  with  the  effect  of  giving  a  positive  variation 
of  the  “epidermic”  current  of  rest.  In  this  way  Hermann 
explains  the  diphasic  variation  most  frequently  observed, 
viz.,  a  short  outgoing  current  (negative  Vorschlag),  followed 
by  an  ingoing  current,  and  is  of  definite  opinion  that  while 
the  electromotive  force  of  the  “action  current”  is  glandular, 
that  of  the  “rest  current”  is  of  epidermic  origin. 

Bayliss  and  Bradford,  who  subsequently  looked  into  the 
matter,  consider  that  the  “  rest  current  ”  of  the  froffs  skin 

O 

is  partly  epidermic  and  partly  glandular,  since  corrosive 
sublimate  reduces  the  “rest  current”  without  cutting-  out 

O 

the  “action  current,”  while  subsequent  treatment  of  the 
skin  with  atropine,  while  it  cuts  out  the  “  action  current,” 
also  still  further  reduces  the  “current  of  rest”.  Time  of 
year  is  also  considered  by  these  observers  as  an  important 
factor  as  regards  the  nature  of  the  action  current,  outgoing 
currents  predominating  during  and  just  before  the  breeding 
season,  while  during  the  rest  of  the  year  an  ingoing  phase 
is  the  rule. 

Before  passing  to  the  most  recent  work  upon  the  cur¬ 
rents  of  the  frog’s  skin  glands,  it  will,  perhaps,  be  convenient 
to  briefly  mention  the  other  cases  in  which  gland  currents 
have  been  studied. 

Hermann  and  Luchsinger,  in  1878, discovered  the  presence 
of  an  ingoing  “secretion  current  ”  in  the  sweat  glands  of  the 
pad  of  the  cat’s  foot,  upon  excitation  of  the  peripheral  sciatic, 
and  this  effect  was  abolished  by  atropine,  and  unaffected  by 
curare.  They  make  no  mention  of  any  outgoing  phase, 
and  as  regards  the  current  observed,  state  that  it  is  quite 
distinct,  even  when  no  exudation  of  sweat  is  visible.  The 
effect  in  the  classical  “  Willkiir-versuch  ”  of  Du  Bois- 
Reymond  is  considered  as  a  sweat  gland  secretion  current 
on  the  ground  of  these  results.1 

1  Tarchanoff  has  recently  shown  that  parts  of  the  surface  of  the  skin 
of  man,  rich  in  sweat  glands,  are  electrically  negative  to  parts  poor  in  such 
structures,  and,  further,  that  the  ingoing  “secretion  current”  can  be  de¬ 
veloped  under  the  most  diverse  conditions  of  disturbance  of  the  central 
nervous  system.  Thus  with  leads  of  moistened  cotton-wool  from,  say, 
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In  the  same  year,  the  same  observers  investigated  the 
“secretion  currents”  of  the  lingual  glands  of  the  frog. 
Here,  again,  an  ingoing  “current  of  rest”  was  observed, 
and  upon  excitation  of  either  glosso-pharyngeal  or  hypo¬ 
glossal  nerves,  but  especially  of  the  former,  a  triphasic 
variation  appeared,  the  phases  being  in  the  order,  ingoing, 
outgoing,  with  final  ingoing.  This  effect  was  obviously 
due  to  the  interpolation  of  an  outgoing  phase  during  the 
course  of  a  long  lasting  ingoing  current. 

Luchsinger  also,  two  years  later,  experimented  with  the 
glands  of  the  snout  of  the  pig,  goat,  cat  and  dog,  and  while 
he  found  the  “rest  current”  ingoing,  could  only  elicit  an 
ingoing  “current  of  action”  on  excitation  of  the  cervical 
sympathetic  or  the  infra-orbital  nerves.  Difference  of  re¬ 
action  of  the  electrodes  made  no  difference  to  the  direction 
of  the  “  rest  current,”  and  the  glandular  nature  of  the  “  action 
current  ”  was  again  indicated  by  its  abolition  by  atropine. 

The  cases,  then,  that  have  so  far  been  considered,  show 
that  it  is  the  rule  for  the  “current  of  rest”  of  a  gland  to 
be  ingoing  in  direction,  while  the  “current  of  action” 
appears  to  be  in  the  same  direction  in  the  majority  of 
cases,  though  there  are  cases  and  conditions  in  which  the 
galvanometer  shows  an  opposite  (outgoing)  current,  or  a 
di-  or  even  tri-phasic  variation,  composed  of  two  opposed 
currents  of  unequal  strength  and  duration. 

It  is  to  the  merit  of  Bayliss  and  Bradford  to  have  been 
the  first  to  point  out  clearly  the  fact  that  it  is  probably 
always  the  rule  for  the  electrical  changes  in  secretion  to  be 
diphasic,  and,  moreover,  that  the  separate  phases  may  be 
associated  with  differences  of  physiological  action  in  the 
gland  cells,  related  possibly  even  to  specific  sets  of  nerve 
fibres. 

These  observers  made  extended  investigations  into  the 

palm  of  hand,  and  skin  over  deltoid  muscle,  such  diverse  stimuli  as  tick¬ 
ling  the  face,  smelling  acetic  acid,  a  sound,  or  even  the  expectation  thereof, 
mental  arithmetic,  etc.,  may  cause  a  marked  current  indicative  of  relatively 
richly  glandular  palm  skin,  negative  to  poorly  glandular  shoulder  skin. 
Withdrawal  from  other  disturbances  than  those  needed  for  the  experiment 
is  necessary  for  success  with  this  experiment. 
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electrical  phenomena  of  the  salivary  glands  of  the  dog  and 
cat,  and  concluded  that  while  the  variation  upon  excitation 
is  diphasic  in  all  cases  (with,  perhaps,  the  exception  of  the 
parotid  of  the  dog  on  sympathetic  excitation),  the  phase  in 
the  ascendant  is  determined  by  the  predominance  of  one  of  the 
two  factors  in  the  hypothesis  of  Heidenhain  in  the  cell  action, 
viz.,  flow  of  fluid,  and  elaboration  of  organic  constituents. 

Flow  of  fluid  they  hold  is  marked  by  outgoing,  cell 
metabolism  by  ingoing  current.  Thus  excitation  of  the 
chorda  of  the  dog’s  submaxillary  gives  a  predominant  out¬ 
going  phase  easily  cut  out  by  atropine,  while  excitation  of 
the  sympathetic  is  marked  by  ingoing  current,  and  the 
variation  is  refractory  to  atropine.  In  the  case  of  the  cat, 
as  a  rule,  the  “chorda  saliva”  is  more  viscid  than  that 
from  sympathetic  excitation,  and  in  the  latter  case  the  out¬ 
going  current  is  more  prominent,  while  though  both  phases 
are  distinct  with  the  chorda  on  the  electrodes,  the  ingoing 
phase  is  far  more  marked  than  is  the  case  with  the  dog. 
In  the  exceptional  cases,  where  the  “sympathetic  saliva” 
of  the  cat’s  submaxillary  gland  is  very  viscid,  a  marked 
ingoing  current  makes  itself  evident. 

It  is  possible  even  for  a  galvanometer  reading  to  indicate 
an  outgoing  current,  pure  and  simple  (in,  say,  the  dog’s 
submaxillary,  on  excitation  of  the  chorda),  though  abolition 
or  reduction  of  the  outgoing  phase  by  atropine  may  reveal 
the  existence  of  a  contemporaneous  ingoing  current  that 
had  previously  been  swamped. 

The  net  conclusion  arrived  at  by  these  observers  is 
that  the  outgoing  secretion  current,  so  marked  in  free  flows 
of  saliva,  is  electro-capillary  in  origin,  whether  produced  in 
the  basement  membrane  or  the  cells,  while  the  ingoing 
secretion  current,  appertaining  more  especially  to  cases  of 
viscid  secretion,  is  produced  during  the  metabolic  cell  events 
necessitated  in  the  elaboration  of  the  organic  constituents 
of  the  saliva.  The  ordinary  galvanometer  reading  is 
naturally  the  algebraic  sum  of  the  two  opposing  currents.1 

1  Langley  has  adopted  this  view  with  the  difference  that  he  maintains 
as  the  result  of  his  experiments  with  atropine,  that  the  explanation  of  the 
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There  appeared  last  year  a  paper  by  Biedermann  in 
which  the  electrical  phenomena  in  several  cases  of  mucous 
glands  are  detailed,  and  the  results  are  apparently  so  con¬ 
sonant  in  all  the  structures  investigated,  that  the  work  not 
only  carries  considerable  weight,  but  the  theory  of  action 
deduced  by  the  author  must  certainly  rank  as  one  of  the 
best  put  forward,  especially  as  it  tends,  in  one  case,  that  of 
the  frog’s  skin,  to  reconcile  some  of  the  opposing  results 
obtained  by  Roeber  and  Engelmann  on  the  one  hand  and 
Hermann  on  the  other. 

The  experiments  deal  with  mucous  glands,  either  multi¬ 
cellular  as  in  the  tongue  and  skin  of  the  frog,  or  unicellular 
(goblet  cells)  as  in  the  pharyngeal  and  cloacal  mucosae  of  the 
same  animal. 

Bohlen  under  Biedermann’s  direction  has  continued  the 
work  in  the  case  of  the  gastric  mucosae  of  the  frog  and 
certain  mammals. 

It  is  convenient  and  conducive  to  brevity  to  first  sketch 
Biedermann’s  theory  before  stating  the  facts  upon  which  it 
is  built. 

Biedermann,  adopting  Hering’s  extension  of  the  altera¬ 
tion  theory,  viz.,  that  alterations  in  metabolism  rather  than 
of  chemical  composition  in  protoplasmic  continuity,  lie  at  the 
root  of  vital  electrical  changes,  points  out  that  in  the  gland 
cell  we  have  a  structure  pre-eminently  liable  to  variations 
from  the  balance  between  constructive  and  destructive 
events.  That  part  of  the  protoplasm  of  the  cell  engaged  in 
the  elaboration  of  the  secretory  products,  though  ordinarily 
the  seat  of  an  excess  of  katabolic  over  anabolic  activity, 
must  at  the  same  time  be  in  a  highly  unstable  state  and 
liable  under  certain  conditions  to  an  overthrow  of  balance 
to  the  opposite  side. 

action  of  the  drug  is  not  that  the  flow  of  fluid  in  the  cells  is  completely 
stayed,  so  that  the  whole  variation  is  produced  by  the  “  metabolic  events,” 
but  rather  that,  since  according  to  his  results  all  cell  activities  are  equally 
acted  upon  by  atropine,  in  cases  of  slight  cell  action,  in  highly  poisoned 
but  not  paralysed  states,  the  flow  of  fluid  is  proportionately  more  cut  down 
than  the  series  of  metabolic  events,  which  Bayliss  and  Bradford  consider 
are  the  cause  of  the  ingoing  current. 
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The  electrical  sign  of  a  part  in  which  katabolism  is  in 
excess  of  anabolism  (“  absteigende  Aenderung  ”  of  Hering) 
is  negative  as  contrasted  with  that  of  a  “  balanced  part,” 
more  negative  still  to  a  part  where  anabolism  is  in  excess  of 
katabolism  (“  aufsteigende  Aenderung”  of  Hering)  and  of 
course  vice  versa  as  regards  positivity. 

Thus,  it  is  supposed,  differences  of  potential  may  be 
originated  in  the  cell  as  the  result  of  its  vital  processes,  and 
the  cell  current  will  depend,  as  regards  its  direction,  upon 
the  predominance  of  either  one  or  the  other  process  and  the 
relation  of  the  resultant  condition  to  that  of  the  rest  of  the 
protoplasm. 

The  act  of  production  of  the  secretion  by  the  cell  is  one 
in  which  katabolic  action  is  in  the  ascendant,  so  that  that 
part  ot  the  cell  in  which  the  secretion  is  occurring  should  be 
negative  to  the  deeper  parts  with  a  resultant  ingoing  current 
when  put  in  circuit,  and  upon  this  hypothesis  Biedermann 
explains  the  ingoing  “  current  of  rest  ”  as  being  the  electrical 
expression  of  a  continuous  and  predominantly  katabolic 
activity.  Should  it  be  possible  to  overthrow  the  balance  to 
the  anabolic  side  a  reversal  of  “  rest  current  ”  ought  to  occur, 
and  such  a  condition  is  known  to  be  capable  of  production. 

Biedermann  then  is  of  opinion  “  dass  eine  und  dieselbe 
Epithelzelle  und  zwar  in  fast  gleichem  Grade  bald  in  dem 
einem  und  bald  in  dem  anderen  Sinne  elektromotorisch  zu 
wirken  vermag,”  in  fact  “  dass  jede  Zelle  als  Sitz  von  2 
verschiedenen  chemischen  Processen  auszusehen  ist,  die 
gleichzeitig  vorhanden,  zur  Entstehung  gegensinniger 
Spannungen  ftihren.  Die  jeweils  zu  beobachtende  Ablen- 
kung  wiirde  demgemass  immer  nur  die  Resultirende  aus  2 
antagfonistischen  Kraften  sein.” 

Of  the  two  sets  of  cell  processes,  the  katabolic  (called 
“negative  process”  by  Biedermann)  is  considered  as  less 
resistant  to  contra-normal  conditions  than  the  anabolic 
(“positive  process”). 

As  regards  the  ultimate  nature  of  the  processes,  secretion 
of  water  is  suggested  as  the  katabolic  process,  since  in  cases 
in  which  a  mucous  surface  is  found  bedewed  with  secretion 
the  electromotive  force  of  its  “  current  of  rest”  is  always 
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higher  than  when  it  is  dry,  and  as  the  anabolic  process — the 
building  up  of  complex  organic  paraplasm. 

A  further  point  in  this  theory  remains  to  be  mentioned, 
namely,  that  the  excitation  of  a  gland  cell  tends  towards  the 
temporary  increase,  not  of  the  process  for  the  time  being  in 
the  ascendant,  but  rather  of  the  process  in  abeyance,  so  that 
if  the  activity  is  at  the  moment  of  excitation  predominantly 
katabolic,  the  immediate  result  will  be  a  higher  development 
of  the  anabolic  process  and  vice  versa. 

The  points  gained  by  experiment  upon  which  the  above 
theory  is  based  are  as  follows  as  regards  the  “  Current  of 
Rest  ”  : — 

By  abstraction  of  heat  it  is  possible  to  completely  reverse 
the  normal  “  current  of  rest  ”  from  ingoing  to  outgoing,  and 
consequently  at  a  certain  temperature  it  is  possible  to  have 
a  currentless  gland,  the  raising  of  the  temperature  of  which 
produces  an  ingoing,  lowering  an  outgoing  current.  As  is 
well  known  no  such  phenomenon  is  observable  with  the 

“demarcation  current”  of  muscle. 

/ 

Imbibition  of  water  by  the  cells  leads  to  increase,  extrac¬ 
tion  of  water  to  decrease  or  reversal  of  the  “current  of 
rest  . 

Narcotics,  as  carbonic  acid  or  vapour  of  ether  or  chloro¬ 
form,  also  reduce  or  reverse  the  “  current  of  rest  ”. 

Pilocarpine  and  often  continued  moderate  nerve  excita¬ 
tion  tend  to  increase  the  “  current  of  rest 

The  “current  of  rest”  undergoes  marked  “spontaneous” 
variations  (a  fact  which  has  been  noted  by  many  previous 
observers). 

As  regards  the  “  Current  of  Action  ”  : — 

The  direction  of  the  “  current  of  action”  is  dependent 
upon  two  factors,  the  extent  to  which  the  normal  ingoing 
“current  of  rest”  is  developed,  and  the  strength  of  the 
stimulus.  With  well-developed  normal  ingoing  “  current 
of  rest,”  and  especially  when  the  stimulus  is  strong,  the 
rule  is  outgoing  “action  current”.  With  ill-developed 
normal  “rest  current,”  and  weak  stimulus,  the  rule  is  in¬ 
going  “action  current”.  Thus  by  artificially  reducing  the 
“current  of  rest”  by  water  abstraction,  it  may  be  possible 
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with  one  and  the  same  stimulus,  applied  at  intervals  during 
the  removal  of  water,  to  start  with  an  outgoing  “action 
current,”  and  passing  through  diphasic  variations  with  a 
predominant  phase  in  either  direction,  to  finally  arrive  at  a 
stage  with  purely  ingoing  “action  current,”  when  the  “rest 
current”  is  reduced  to  the  utmost.  In  cases  of  artificial 
reversal  of  the  “current  of  rest,”  so  that  it  becomes  out¬ 
going,  the  “  current  of  action  ”  becomes  ingoing. 

These  experiments,  especially  those  with  the  non-muscular 
tongue  glands  of  the  frog,  overthrow  the  hypothesis  of  Her¬ 
mann  above  mentioned,  not  only  by  the  demonstration  that 
contractility  is  not  a  necessary  factor  in  the  phenomena, 
but  by  indicating  in  the  phenomenon  of  “reversal”  that 
the  rather  crude  hypothesis,  that  the  “current  of  rest” 
owes  its  source  to  a  keratinised  or  mucous  demarcation 
surface,  is  not  tenable.  Indeed,  previously  published  ex¬ 
periments  with  the  secreting  skin  of  the  eel  had  already 
demonstrated  the  difficulty  of  Hermann’s  position. 

The  effect  of  Bach  and  Oehler  in  converting  an  outgoing 
into  an  ingoing  “action  current”  in  the  frog’s  skin,  by  pen¬ 
cilling  with  corrosive  sublimate,  is  explained  by  Biedermann 
as  being  due  to  the  reduction  of  the  “current  of  rest”  pro¬ 
duced,  and  the  dependence  of  the  direction  of  the  “action 
current”  upon  the  magnitude  of  the  “rest  current”. 

Bohlen,  in  his  experiments  with  the  gastric  mucosae, 
corroborates  the  main  points  of  Biedermann’s  theory.  In 
the  case  of  the  frog,  he  considers  that  the  ingoing  “  current 
of  rest  ”  of  Rosenthal  is  in  the  main,  if  not  entirely,  the 
result  of  the  activity  of  the  superficial  mucous  cells,  and  is 
not  contributed  to,  to  any  large  extent,  by  the  gastric  glands. 
Ordinary  digestive  activity  (feeding  with  meat)  does  not 
markedly  affect  the  current  of  rest,  while  the  introduction 
into  the  stomach  of  substances  tending  to  produce  excessive 
secretion  of  mucus,  such  as  small  sharp  pebbles,  hard 
scaled  insects,  or  the  minute  angular  crystals  of  subnitrate 
of  bismuth,  causes  a  great  increase  in  the  electromotive 
force  of  the  “current  of  rest”  of  the  stomach.  Vagus 
excitation  in  the  frog  produces  an  ingoing  “action  current,” 
and  this  he  thinks  is  possibly  of  gastric  gland  origin,  since 
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excitation  of  mucous  cells  is  generally  accompanied  by  out¬ 
going  “  action  current 

In  the  mammals  (rabbit,  guinea-pig  and  rat),  nothing 
definite  was  found  as  regards  the  action  of  digestive  activity, 
except  that  the  “  current  of  rest  ”  tends  to  fall  during  the 
earlier  stages  of  digestion,  and  to  rise  towards  the  end. 
Interference  with  the  blood  supply  of  the  mucosa  was  found 
to  be  a  potent  factor  as  regards  the  electromotive  force  of 
the  “current  of  rest”.  Complete  cessation  of  circulation 
causes  speedy  reversal  of  “  rest  current,”  while  more  moder¬ 
ate  interferences,  such  as  that  produced  by  dyspnoeic  or 
anaemic  excitation  of  the  bulbar  vasomotor  centre  after 
double  vagotomy,  or  by  excitation  of  the  peripheral  vagus, 
all  produce  a  drop  in  the  electromotive  force  of  the  ingoing 
current.  Atropine,  probably  by  cutting  out  the  cardiac  vagus 
effect,  prevents  the  fall  of  E.M.F.  that  results  from  vagus 
excitation.  Saline  injections  into  the  vascular  system,  ac¬ 
companied  by  marked  secretion  and  swelling  of  the  mucosa,, 
lead  to  a  marked  rise  of  the  electromotive  force  of  the 
“  rest  current,”  and  such  current  does  not  then  fall  rapidly 
after  death,  as  is  normally  the  case. 

Bohlen  considers  that  his  results  in  cutting  down  the 
ingoing  current  by  diminution  of  blood  supply,  and  in 
raising  it  by  causing  excessive  exudation  of  water  into  the 
membrane,  are  in  favour  of  Biedermann  s  idea,  that  the 
“  negative  process  ”  in  the  cell  is  the  secretion  of  water. 
Before  passing  to  any  further  consideration  of  the  respec¬ 
tive  theories  of  action  already  mentioned,  a  word  must  be 
said  as  regards  what  is  probably  the  highest  development 
of  electromotive  phenomena  in  glandular  tissue.  Fritsch 
has  maintained  that  the  electrical  organ  of  the  fish  Malap- 
terurus  is  constructed  of  a  mass  of  glandular  cells,  known  as 
“  club  cells,”  and  derived  originally  from  the  overlying  skin, 
in  which  in  the  adult  many  are  to  be  found.  The  theory  is 
extremely  probable,  but,  unfortunately,  as  yet  lacks  embryo- 
logical  basis. 

These  “club  cells”  are  present  in  the  epidermis  in  other 
fish  along  with  “goblet  cells,”  and  it  has  recently  been 
pointed  out  in  the  case  of  the  skin  of  the  common  eel,  that 
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while  the  “action  current  ”  of  a  part  rich  in  “goblet  cells/7 
and  clear  of  “  club  cells/’  such  as  the  lip,  conforms  in  its 
conditional  modifications  to  that  described  by  Biedermann 
for  ordinary  mucous  surfaces,  the  current  from  the  body 
skin,  which  is  richly  set  with  “  club  cells,”  but  sparsely  so 
with  “goblets,”  does  not  agree  with  Biedermann’s  story, 
but  gives  an  ingoing  “action  current”  to  a  stimulus  that 
elicits  an  outgoing  current  in  the  mucous  lip.  The  dis¬ 
charge  of  Malcipterurus  is  peculiar  in  that  the  nervous  sides 
of  the  electrical  discs  become  positive  to  the  non-nervous, 
and  the  observation  as  regards  the  direction  of  the  action 
current  of  the  club  cells  of  the  eel  just  mentioned,  gives 
physiological  backing  to  Fritsch’s  idea,  and  would  serve  to 
explain  the  anomalous  direction  of  the  “shock”. 

We  have  now  briefly  reviewed  the  main  points  of  the 
electrical  phenomena  of  glands,  and  it  yet  remains  to  attempt 
some  criticism  of  the  various  theories  advanced. 

One  point  appears  clear  at  the  start,  namely,  that  any 
theory  of  the  “action  current,”  if  it  is  to  be  in  any  way 
satisfactory,  must  also  be  applicable  for  explanation  of  the 
“current  of  rest”.  A  piece  of  exsected  frog’s  skin  or  nicti¬ 
tating  membrane  exhibits  marked  variations  of  potential, 
often  quite  equal  to  anything  that  can  be  called  forth  upon 
excitation,  and  these  spontaneous  cell  changes  must  be  of 
the  same  kind  as  those  excited  by  nerve  stimulation.  Again, 
artificially  induced  reduction  of  the  “  current  of  rest,”  or 
such  as  is  noted  in  animals  “out  of  condition,”  at  once  pro¬ 
foundly  affects  the  result  of  excitation. 

In  the  face  of  such  facts,  the  demarcation  surface  theory 
proposed  by  Hermann  to  explain  the  “current  of  rest” 
cannot  stand,  at  any  rate  in  the  form  in  which  he  put  it 
forth  ;  for  if  the  ingoing  “  current  of  rest  ”  is  merely  due  to 
the  chemical  alteration  that  the  surface  cells  of  a  glandular 
membrane  have  undergone  during  growth,  how  shall  we 
explain  the  complete  “reversal”  and  “recovery”  that  can 
be  repeated  experimentally  any  number  of  times  in  succes¬ 
sion  ?  That  epithelial  surfaces,  which  are  not  secretory  in 
nature,  can  give  ingoing  currents  of  rest,  has  been  demon¬ 
strated  in  the  case  of  the  non-glandular  skin  and  crop  of 
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the  winter  pigeon,  but  there  is  no  keratinisation  in  the  latter 
case,  and  in  the  former  the  change  certainly  does  not  favour 
the  electromotive  force.  Again,  though  Hermann  ascribes 
the  electromotive  force  of  the  action  current  to  gland  activity, 
his  theory  does  not  explain  matters  fully  till  a  contractile 
sheath  is  added  to  the  gland  ;  yet  the  tongue  glands  of  the 
frog  or  the  skin  of  an  eel  give  good  enough  action  currents 
without  muscle. 

The  “  myogenic  theory  ”  of  Engelmann  is  also  for  the 
last  reason  invalid,  let  alone  the  fact  that  in  cases  where 
muscle  is  present  it  rests  upon  the  rejected  “  pre-existing 
theory  ”  of  muscle  current. 

We  must  with  Biedermann  consider  the  normal  “rest 
current  ”  of  a  gland — and  it  is  normal,  and  not  due  to 
“injury” — as  the  electrical  expression  of  a  continuous 
chemical  activity  in  its  cells,  and  that  on  excitation  we 
deal,  not  with  a  new  electromotive  force  originating  from 
other  sources,  but  simply  with  a  change  in  the  action  of  the 
same  structures,  which  are  the  origin  of  electromotive  force 
also  in  the  condition  called,  by  contrast,  that  of  “  rest  ”. 

As  regards  the  admittedly  diphasic  nature  of  the 
“  current  of  action,”  as  we  have  seen,  two  theories  may 
be  entertained  ;  that  of  Bayliss  and  Bradford,  deduced  from 
experiments  with  the  mammalian  salivary  glands,  and  that 
of  Biedermann,  built  upon  facts  obtained  with  mucus- 
secreting  glands  and  membranes. 

According  to  the  former  theory  an  outgoing  “  action 
current  ”  is  the  result  of  flow  of  fluid  in  some  part  of  the 
secreting  mechanism  (physical  and  indirect)  ;  ingoing  cur¬ 
rent  is  associated  with  the  elaboration  by  the  protoplasm  of 
secretion  stuffs  (physiological  and  direct). 

According  to  the  latter  theory,  both  outgoing  and  ingo¬ 
ing  “action  currents”  are  the  direct  result  of  cell  activity, 
t.e .,  both  physiological,  but  the  two  currents  are  paired  with 
the  two  hypothetical  sides  of  cell  life,  dissimilation  and 
assimilation.  If,  however,  we  follow  Biedermann  into  his 
further  speculation  as  to  the  ultimate  nature  of  the  two  sets 
of  processes  related  to  the  cell  currents  we  find  he  reaches 
the  opposite  conclusion  to  Bayliss  and  Bradford,  and  gives 
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water  secretion  as  the  process  associated  with  the  ingoing 
current,  and  the  formation  of  complex  paraplasm  as  that 
connected  with  the  outgoing  current. 

One  cannot  doubt  that  water  flow  in  cells  and  ducts 
must  give  current,  for  the  phenomenon  is  well  known  in 
porous  diaphragms,  capillary  tubes,  and  also  in  plants  ;  but 
if  we  accept  water  flow  as  the  main  cause  of  the  outgoing 
action  current,  how  are  we  to  explain  the  marked  outgoing 
currents  produced  in  the  reversal  of  the  current  of  the  glands 
of  the  frog  by  abstraction  of  water  (and  be  it  noted  abstrac¬ 
tion  from  the  basal  ends  of  the  cells)  by  injection  of  glycerine, 
when  it  has  been  granted  that  explanations  of  “action” 
and  “  rest  currents  ”  must  stand  or  fall  together  ? 

The  events  in  the  protoplasm  of  the  gland  cell  are  as  yet 
obscure,  beyond  the  fact  that  it  builds  secretory  substances, 
which  dissolve  in  water  to  become  the  secretion.  By  what 
means  the  water  crosses  the  cell  from  lymph  to  lumen  and 
in  so  doing  produces  the  “  secretory  pressure  ”  is  unknown. 
The  “  pump  theory  ”  of  Strieker  and  Spina,  elaborated  from 
the  well-known  movements  of  the  cells  of  the  glands  of  the 
membrana  nictitans  of  the  frog,  will  not  hold  according  to 
the  more  recent  and  exact  work  of  Drasch,  let  alone  the 
fact  that  we  have  no  clear  evidence  of  anything  of  the  kind 
in  the  case  of  mammals. 

The  older  theory  of  Hering  of  the  formation  of  colloid 
substances  by  the  protoplasm,  their  swelling  by  water 
abstraction  from  the  lymph  (in  order  to  account  for  the 
secretory  pressure),  and  their  final  extrusion  into  the  lumen, 
is  perhaps  as  much  in  accord  with  the  histological  story  as 
any  other.  Granules  do  dissolve  in  cells,  according  to 
Langley  and  Biedermann,  who  have  watched  the  process 
intra  vitam ,  but  the  chemical  solution  of  such  granules  is 
not  a  likely  source  of  electromotive  force,  and  certainly  a 
streak  of  mucin  granules  from  Myxine ,  connected  at  each 
end  with  a  sensitive  galvanometer,  gives  no  constant  result 
upon  causing  solution  of  the  granules  to  proceed  in  the 

region  of  one  or  the  other  electrode. 

Against  the  water  flow  theory,  it  must  also  be  noted, 
that,  so  far  as  measurements  go,  the  latency  of  the  outgoing 
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action  current  is  far  shorter  than  that  for  the  flow  of  fluid  in 
the  ducts  even  when  a  high  pressure  is  established  in  these 
by  artificial  means.  Bayliss  and  Bradford  measured  the 
former  upon  excitation  of  the  dog’s  chorda  at  *37  sec.,  while 
Hering  measured  the  latter,  distending  the  ducts  at  a  pres¬ 
sure  of  150  to  200  mm.  of  mercury  and  using  a  Pick’s 
spring  manometer,  at  the  shortest  as  1*2  secs.1  If  then  we 
are  forced  to  exclude  electro-capillary  current,  as  at  any  rate 
the  principal  factor  in  the  phenomena,  we  are  forced  back 
upon  the  theory  of  Biedermann,  and  it  must  be  admitted 
that,  though  the  explanation  is  based  upon  the  obscure 
chemismus  ”  of  protoplasm,  it  has  much  in  its  favour. 

It  is,  however,  difficult  to  see  clearly  what  right  Bieder¬ 
mann  and  Bohlen  have  for  considering  water  secretion  as 
the  cell  process  connected  with  the  production  of  the  ingoing 
current,  for  the  fact  that  increment  of  the  water  in  the  cells 
swells  the  ingoing  current  might  surely  also  receive  ex¬ 
planation  on  the  more  general  ground  of  increased  proto¬ 
plasmic  activity,  since  it  is  generally  accepted  that  there  is 
a  relation  between  the  activity  of  a  tissue  and  the  amount 
of  water  it  contains.  In  the  skin  of  the  eel  water  has  a 
distinctly  deleterious  effect,  reducing  or  reversing  the  normal 
current,  though  the  effect  is  done  away  with  by  substituting 
normal  saline  solution. 

Whether  or  no  water  secretion  has  any  direct  connection 
with  gland  currents,  might  perhaps  be  decided  by  using  for 
experiment  cases  in  which  there  is  no  secretion  of  water,  as, 
for  instance,  the  uropygial  gland  of  the  bird  or  the  Harderian 
of  the  mammal,  or  perhaps  the  crop  of  the  breeding  pigeon, 
which  in  its  lateral  lobes  becomes  practically  a  sebaceous 
gland  during  the  time  the  birds  are  giving  “  milk”  to  their 
young. 

In  conclusion,  it  may  conduce  to  clearness  to  put  in 
tabular  form  the  explanations  offered  by  the  two  most 
important  theories  for  some  of  the  ordinarily  observed 
experimental  facts. 

1  Ludwig  originally  measured  this  latency  with  a  mercurial  manometer 
at  from  four  to  twenty-four  seconds. 
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■ 

Experimental  Data. 

Explanation  on  the 
Theory  of 
Biedermann. 

Explanation  on  the  Theory  of 
Bayliss  and  Bradford, 
with 

Langley’s  Modification. 

The  normal  “  rest  cur¬ 
rent”  is  ingoing. 

< 

Electrical  expression  of 
“  chemismus  ”  of 
cells  with  predomi¬ 
nance  of  katabolism. 
(Water  secretion  ?) 

Same  without  statement 
re  katabolism. 

Cold  reverses  the  in¬ 
going  to  an  outgoing 
“  rest  current 

i 

Of  the  two  cell  pro¬ 
cesses  the  katabolic 
(ingoing  current)  is 
less  resistant  to  ab¬ 
normal  conditions 
than  the  .  anabolic 
(outgoing  current). 

No  explanation  apparent. 

(Outgoing  current  is 
electro-capillary,  and 
demands  a  flow  of 
fluid.) 

!  Narcotics  (C02  Ether, 
Chloroform)  and  re¬ 
moval  of  Oxygen 
reverse  ingoing  cur¬ 
rent  to  outgoing. 

The  less  resistant  kata¬ 
bolic  process  (in¬ 
going  current)  is 
more  easily  affected 
than  the  anabolic. 

No  explanation  apparent. 

(Water  passes  into  cells 
of  glands  of  membrana 
nictitans  under  these 
circumstances, but  the 
swelling  soon  attains 
its  maximum.) 

Abstraction  of  water 
reverses  the  “current 
of  rest”  to  outgoing. 

Diminution  of  activity 
of  predominant  kata¬ 
bolic  process. 

No  explanation  apparent. 
(Outgoing  current  due  to 
flow  of  fluid.) 

Strong  stimulus  gives 
outgoing  action  cur¬ 
rent. 

Explanation  not  clear. 

(Strong  stimulus  in¬ 
hibits  katabolic  pro¬ 
cess  but  stimulates 
anabolic  ?) 

Electro-capillary  current 
due  to  flow  of  fluid 
in  cells  swamps  the 
simultaneously  ex¬ 

cited  ingoing  current 
due  to  increased 
chemical  activity. 

Weak  stimulus  gives 
ingoing  “action  cur¬ 
rent”. 

More  easily  excited 
katabolic  process  is 
alone  stimulated  to 
action. 

Flow  of  fluid  not  suf¬ 
ficient  to  cause  a 
current  capable  of 
swamping  that  due  to 
chemical  activity. 

Weak  ingoing  “current 
of  rest  ”  favours  in¬ 
going  “action  cur¬ 
rent”. 

The  process  in  abey¬ 
ance  (katabolic)  is 
excited  more  than 
the  process  in  promi¬ 
nence  (anabolic). 

Low  “  condition”;  cells 
not  capable  of  suf¬ 
ficient  response  to 
cause  a  marked  flow 
of  fluid  ;  hence  the 
“  physiological  cur¬ 
rent”  predominates. 

Strong  ingoing  “  cur¬ 
rent  of  rest  ”  favours 
outgoing  “  action 

current 

The  process  in  abey-  ! 
ance  (anabolic)  is 
excited  more  than 
the  process  in  promi¬ 
nence  (katabolic). 

Good  “condition”;  cells 
respond  readily,  and 
a  strong  flow  of 
fluid  causes  swamping 
electro-capillary  cur¬ 
rent. 
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ATOMIC  WEIGHTS. 


THE  study  of  the  quantitative  relations  between  reacting 
substances  was  begun  long'  before  Dalton  announced 
his  atomic  theory  which  did  so  much  to  explain  them. 
Centuries  before  the  time  of  Dalton  an  atomic  theory  had 
been  advanced  to  account  for  the  physical  properties  of 
substances  from  which  his  theory  differed  in  many  ways, 
although  in  many  points  there  was  a  striking  similarity. 
Dalton  s  theory  sprang  from  the  necessity  of  finding  an  ex¬ 
planation  of  facts  derived  from  experiments  and  it  dealt  with 
much  smaller  particles  than  the  ancient  theory.  The  new 
theory  was  a  chemical,  the  old  a  physical  one.  Dalton  was 
not  contented  with  a  mere  statement  (i)  “  that  the  ultimate 
particles  of  all  homogeneous  bodies  are  perfectly  alike  in 
weight,  figure,  etc.  In  other  words,  every  particle  of  water 
is  like  every  other  particle  of  water  ;  every  particle  of  hy¬ 
drogen  is  like  every  other  particle  of  hydrogen,  etc.”  He 
went  further  and  attempted  to  determine  the  relative  weights 
of  these  ultimate  particles  of  various  elements  and  com¬ 
pounds.  His  success  in  this  department  of  research  was 
not  great,  and  what  astonishes  us  is  that  with  such  analytical 
results  he  should  have  enunciated  his  theory  so  clearly  and 
comprehensively  as  he  did.  Of  those  who  worked  in  this 
field  of  research  one  name  stands  out  far  above  all  others. 
Not  only  for  the  accuracy  of  his  experimental  work,  but  also 
for  the  many  ingenious  processes  and  reactions  which  he 
employed  to  arrive  at  his  goal,  will  the  name  of  Berzelius  be 
ever  honoured.  Besides  these  determinations  of  theoretical 
interest,  the  new  theory  led  to  an  enormous  advance  in  the 
accuracy  of  all  quantitative  analysis,  for  it  is  obvious  that 
now  one  had  a  standard  far  more  infallible  than  a  mere  com¬ 
parison  with  the  results  obtained  by  other  chemists  by  which 
one  could  test  the  accuracy  of  analytical  processes. 

Speculative  chemists  and  physicists  tended  to  go  still 
further  back  than  to  the  atoms,  for,  they  asked,  are  not 
atoms  made  of  something  and  may  not  that  something  be  a 
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simple,  or  even  the  simplest  form  of  matter,  which  forms 
itself  into  atoms  just  as  these  atoms  in  turn  unite  to  build  up 
what  we  call  compounds  ?  This  idea  was  much  encouraged 
by  a  remarkable  letter  published  in  1815  in  Thomsons 
Anna/s  of  Philosophy.  The  theory  advanced  was  that  the 
weights  of  the  atoms  of  all  elementary  substances  were 
multiples  of  the  weight  of  an  atom  of  hydrogen.  The  first 
letter  (2)  was  followed  by  a  second,  both  published  anony¬ 
mously,  although  it  was  known  shortly  after  that  both  were 
by  Dr.  W.  Prout,  and  the  hypothesis  received  the  name  of 
Prout’s  Theory,  or  more  often,  Prout’s  Law.  It  was  re¬ 
ceived  with  great  favour  by  chemists  in  this  country  and  in 
F ranee,  but  by  Berzelius  and  the  German  chemists  it  was 
looked  on  with  suspicion  and  distrust.  Chemists  were  thus 
divided  into  two  schools,  and  to  the  friendly  rivalry  between 
these  we  are  indebted  for  many  pieces  of  classical  research 
in  this  department,  and  for  great  improvements  in  the 
ordinary  processes  of  quantitative  analysis.  Amongst  the 
first  consequences  of  the  increased  accuracy  of  quantitative 
determinations  was  the  proof  that  the  atomic  weight  of 
chlorine  could  not  be  regarded  any  longer  as  thirty-six 
times  that  of  hydrogen  but  only  thirty-five  and  a  half,  and 
from  this  it  was  evident  that  the  atom  of  hydrogen  as  a 
whole  could  no  longer  be  taken  as  the  unit  for  Prout’s 
Theory,  and  having  got  down  to  half  an  atom  it  was  but  a 
little  step  further  to  get  down  to  a  quarter  of  an  atom.  In 
this  second  letter  Prout  remarks  that  “we  may  almost  con¬ 
sider  the  irpclTT]  v\yj  of  the  ancients  to  be  realised  in  hydro¬ 
gen  ”  but  fifteen  years  later  (3)  he  says  that  “  there  seems  to 
be  no  reason  why  bodies  still  lower  in  the  scale  than  hydro¬ 
gen  (similarly,  however,  related  to  one  another,  as  well  as 
to  those  above  hydrogen)  may  not  exist,  of  which  other 
bodies  may  be  multiples,  without  being  actually  multiples  of 
the  intermediate  hydrogen”.  It  is  now  generally  admitted 
that  Prout’s  Law  must  be  given  up  altogether  in  its  original 
sense,  but  it  must  be  very  clearly  borne  in  mind  that  this  by 
no  means  involves  the  giving  up  of  such  views  as  to  the  ulti¬ 
mate  constitution  of  matter  as  those  which  were  held  by  the 
chemists  who  gave  the  theory  a  hearty  welcome.  Nor  does 
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it  follow  that  there  is  no  truth  in  the  law.  Far  from  it ;  at 
the  end  of  his  paper  (4)  on  the  atomic  weight  of  aluminium, 
Professor  Mallet  gives  a  list  of  the  atomic  weights  of  eigh¬ 
teen  elements  which  were  then  most  accurately  known,  and 
points  out  that  of  these  “  ten  approximate  to  integers  within  a 
range  of  one-tenth  of  a  unit.  What  then  is  the  degree  of  pro¬ 
bability  that  this  is  purely  accidental,  as  those  hold  who  carry 
to  the  extreme  the  conclusions  of  BERZELIUS  and  STAS? 

.  .  .  The  probability  in  question  is  found  to  be  only  equal  to 
1  :  1 097 *8.”  In  the  last  sentence  of  the  paper  Professor 
Mallet  remarks  “  that  not  only  is  Prout’s  Law  not  as  yet 
absolutely  overturned,  but  that  a  heavy  and  apparently  in¬ 
creasing  weight  of  probability  in  its  favour,  or  in  favour  of 
some  modification  of  it,  exists  and  demands  consideration  ”. 

Another  point,  indicating  how  little  we  know  as  to  the 
true  meaning  of  striking  numerical  relationships,  is,  that 
when  we  have  three  members  of  the  same  group  of  ele¬ 
ments  the  intermediate  atomic  weight  is  always  a  little  less 
than  the  arithmetical  mean  of  the  other  two.  This  is  clearly 
shown  by  the  following  examples.  The  atomic  weights 
taken  are  referred  to  the  standard  O  =  16. 


Lithium  = 

7'°3° 

mean 

Magnesium  = 

24-38 

mean 

Sodium 

23‘°58 

\  23-083 

Zinc  = 

65'38 

'  68-23 

Potassium  = 

39-136 

Cadmium  — 

1 1 2  "o8 

Sulphur  = 

32-06 

1  mean 

Chlorine  = 

35‘453' 

mean 

Selenium  = 

79’°7 

79'83 

Bromine  = 

79-963 

"8ri  c8 

Tellurium  = 

127-60 

Iodine  = 

126-864; 

Calcium  =  io'oo  \ 

^  j  mean 

Strontium  =  87-52  >8872 
Barium  =  137*44  ) 

The  consideration  of  such  groups  leads  us  naturally  to 
another  point  into  which  we  cannot  enter  here,  viz.  :  do  the 
properties  of  the  elements  vary  in  any  definite  way  with  their 
atomic  weights  ?  and  the  answer  to  this  is  given  by  the  state¬ 
ment  of  the  Periodic  Law  as  developed  by  Newlands, 
Lothar  Meyer  and  Mendelejeff,  which  states  in  its  simplest 
form  that  “  the  properties  of  the  elements  form  a  periodic 
function  of  the  atomic  weights  of  the  elements  This  law 
has  received  very  general  acceptance  in  spite  of  two  or  three 
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obvious  exceptions  which  exist  at  the  present  time  and  which 
may  be  relegated  to  the  position  required  only  after  very 
careful  and  accurate  research  as  to  their  true  atomic  weights. 
With  respect  to  this  law  as  with  Prout’s,  one  must  not  for¬ 
get  that  it  must  express  the  results  of  experiments  and  not 
override  them.  To  take  an  example,  we  must  not  assign 
to  tellurium  an  atomic  weight  less  than  that  of  iodine  simply 
because  that  of  oxygen  is  less  than  that  of  fluorine,  and  that 
of  sulphur  less  than  that  of  chlorine,  nor  say  that  it  must  be 
a  mixture  when  all  experimental  evidence  points  to  the  con¬ 
trary.  What  we  call  tellurium  may  be  a  mixture  and  true 
tellurium  may  have  an  atomic  weight  less  than  that  of  iodine. 
When  this  is  conclusively  proved,  but  not  till  then ,  let  such 
an  atomic  weight  be  assigned  to  it. 

It  is  obvious  that  if  we  are  to  have  the  atomic  weights 
accurately  represented  by  whole  numbers  this  must  depend 
to  a  very  great  extent  on  the  unit  selected,  if  it  be  possible 
at  all.  Berzelius  adopted  oxygen  as  his  standard,  making 
its  atomic  weight  equal  to  ioo.  He  did  this  because  his 
values  were  so  largely  derived  from  the  oxidation  of  the 
elements  or  the  reduction  of  their  oxides  so  that  he  obtained 
his  results  directly  in  terms  of  the  atomic  weight  of  oxygen. 
This  standard  gives  numbers  too  large  for  convenient  use, 
and  therefore  those  chemists  who  believe  in  referring 
atomic  weights  to  an  oxygen  standard  have  adopted  six¬ 
teen  as  its  atomic  weight,  primarily  because  the  atomic 
weight  of  oxygen  is  approximately  sixteen  times  that  of 
hydrogen  and  for  a  long  time  it  was  supposed  to  be  exactly 
so.  Chemists  are  still  divided  in  opinion  as  to  what  is  the 
most  scientific  standard  for  atomic  weights.  Many,  for  the 
same  reasons  which  influenced  Berzelius,  hold  that  sixteen 
for  the  atomic  weight  of  oxygen  is  better  than  one  for  the 
atomic  weight  of  hydrogen.  To  refer  very  many  to  the 
hydrogen  standard  simply  means  correcting  those  on  the 
scale  for  oxygen  by  multiplying  by  a  factor,  but  in  not  a  few 
cases  this  cannot  be  done  so  simply,  especially  when  we 
have  obtained  the  number  partly  by  direct  reference  to 
hydrogen  as  well  as  to  oxygen  and  have  taken  a  mean  value. 
Further,  at  the  present  time  it  can  hardly  be  said  to  be 
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definitely  settled  what  is  the  true  ratio  between  the  atomic 
weights  of  these  two  elements.  Until  this  is  finally  settled 
it  seems  absurd  to  take  hydrogen  as  the  standard  even 
though  it  may  be  asked  :  “  What  is  then  your  unit  ?  ”  The 
reply  to  this  is,  that  the  unit  is  as  good,  and  is  of  the  same 
kind,  as  a  foot  or  an  inch,  which  are  but  subdivisions  of  the 
length  of  the  standard  yard.  A  point  of  some  practical 
importance  also  is,  that  if  we  adopt  O  =  16  we  have  a  large 
number  of  atomic  weights  which  for  everyday  use  may  be 
taken  as  whole  numbers,  but  this  is  not  so  if  we  take 
H  =  1. 

We  must  next  consider  the  state  of  our  knowledge  as  to 
the  relative  values  of  the  atomic  weights  of  hydrogen  and 
oxygen.  The  determination  of  this  ratio  with  an  accuracy 
such  as  the  present  state  of  science  demands  is  one  of  very 
great  practical  difficulty,  and  in  spite  of  the  many  attempts 
and  because  of  the  various  results  obtained  by  different 
experimenters  we  are  still  undecided. 

The  methods  adopted  have  been  both  chemical  and 
physical.  The  purely  chemical  methods  depend  mainly  on 
the  determination  of — 

(1)  The  composition  of  water, 

(2)  ,,  ,,  ammonia  and  ammonium  salts, 

(3)  ,,  ,,  hydrocarbons. 

The  first  of  these  is  of  primary  importance,  and  the 
others  mainly  of  interest  in  as  far  as  they  corroborate  (or 
the  reverse)  results  obtained  by  it.  The  physical  method 
is  based  on  the  relative  densities  of  the  two  gases  coupled 
with  a  knowledge  of  the  proportions  by  volume  in  which 
they  combine. 

The  determination  of  the  composition  of  water  gravi- 
metrically,  as  is  well  known,  depends  mainly  on  the  reduc¬ 
tion  to  the  metal  of  a  weighed  quantity  of  copper  oxide, 
which  thus  gives  up  a  definite  quantity  of  oxygen  to  form 
a  quantity  of  water  which  may  be  weighed.  As  Dumas 
points  out  in  his  paper  (5)  it  is  a  process  only  calculated 
to  yield  good  results  when  carried  out  with  extreme 
care,  because  any  error  in  the  determination  of  either 
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the  oxygen  or  the  water  is  thrown  on  to  the  hydrogen, 
the  amount  of  which  is  obtained  by  difference,  and  this  in 
turn  is  to  be  divided  into  the  directly  weighed  amount  of 
oxygen  in  order  to  determine  its  equivalent.  This  is 
theoretically  a  very  serious,  if  not  a  fatal  defect  in  the 
method. 

This  process  was  first  employed  by  Dulong  and  Ber¬ 
zelius,  who  made  three  experiments  which  were  not  very 
concordant  but  yielded  (after  correction  for  the  volume  of 
air  displaced  by  the  water  formed,  etc.)  the  value  15*894 
for  the  atomic  weight  of  oxygen.  About  twenty  years 
afterwards  Dumas  (5)  published  first  in  the  Comptes  Rendus 
in  1842,  and  afterwards  in  the  Annales  de  Chimie  in  1843, 
the  results  of  his  classical  research.  In  these  papers  he 
criticises  the  results  of  Dulong  and  Berzelius,  and  points 
out  that  the  weights  of  copper  oxide,  copper  and  water  pro¬ 
duced,  must  be  corrected  to  vacuum  standard  instead  of 
simply  being  weighed  in  air.  He  goes  on  to  give  a  descrip¬ 
tion  of  his  apparatus  and  manipulation  and  gives  his  weigh¬ 
ings  from  nineteen  experiments  in  tabular  form.  In  these 
experiments  he  abstracted  from  his  copper  oxide  as  much 
as  840*161  grams  of  oxygen  and  formed  945*441  grams  of 
water,  from  which  Dumas  deduces  as  the  mean  of  nineteen 
experiments  the  ratio  of  11*12515  which  corresponds  to 
O  =  15*98.  If  we  treat  the  whole  series  as  one  huge  ex¬ 
periment  the  value  becomes  11*1253  or  O  =  15*96.  As 
pointed  out  by  Dittmar,  Dumas  although  weighing  his 
copper  oxide  and  metallic  copper  in  vacuo  seems  to  have 
neglected  the  far  more  important  similar  correction  for  the 
water  produced,  even  although  he  points  out  (as  mentioned 
above)  in  the  same  paper  that  the  results  of  Berzelius  re¬ 
quired  this  correction.  This  seems  almost  incredible,  but 
in  his  tabulated  results  he  p'ives  the  weight  of  the  water- 
collecting  apparatus  before  and  after  each  experiment,  and 
takes  the  simple  difference  as  the  true  weight  of  water 
produced.  One  or  two  other  sources  of  error  will  be 
referred  to  later. 

The  next  paper  (6)  in  the  same  number  of  the  Annales 
de  Chimie  is  by  Erdmann  and  Marchand  and  is  on  the  same 
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subject  and  worked  out  in  a  very  similar  way,  although  the 
experiments  are  not  so  numerous.  The  experiments  are 
arranged  in  two  series,  in  the  second  of  which  a  notable 
improvement  in  the  arrangement  of  the  apparatus  is  made, 
viz.,  the  introduction  of  a  tube  containing  metallic  copper 
kept  red  hot  so  as  to  remove  every  trace  of  oxygen  from 
the  hydrogen,  and  this  is,  of  course,  followed  by  drying  tubes. 
Four  experiments  were  made  in  each  series,  in  the  first  of 
which  the  weighings  were  all  reduced  to  vacuum  standard, 
but  in  the  second  series  they  were  actual  vacuum  weighings. 
In  F.  W.  Clarke’s  recalculation  of  atomic  weights  (7)  the 
atomic  weight  of  oxygen  is  given  as  15*9369  +  '0138  from 
the  first  series  and  16*0095  +  ‘0030  from  the  second. 
Clarke’s  remarks  on  these  results  are  not  quite  fair,  especi¬ 
ally  as  the  experimenters  themselves  say  that  they  regard 
the  second  series  as  more  accurate  than  the  first.  He  says  : 
“The  effect  of  discussing  these  two  series  separately  is 
somewhat  startling.  It  gives  to  the  four  experiments  in 
Erdmann  and  Marchand’s  second  group  a  weight  vastly 
greater  than  their  other  four  and  Dumas’  nineteen  taken 
together.  For  so  great  a  superiority  as  this  there  is  no 
adequate  reason  ;  and  it  is  highly  probable  that  it  is  due 
almost  entirely  to  fortunate  coincidences  rather  than  to 
greater  accuracy  of  work.”  If,  after  making  most  important 
improvements  in  their  apparatus  so  as  to  obtain  purer 
hydrogen  (especially  as  regards  oxygen),  as  well  as  modify¬ 
ing  their  manipulation  so  as  to  obtain  the  true  weights  of 
oxygen  and  of  water  directly,  to  say  nothing  of  their 
experience,  better  and  more  concordant  results  had 
not  been  obtained,  in  what  direction  could  we  look  for 
such  ? 

Two  other  researches  carried  out  in  almost  exactly  the 
same  way  as  the  above  are  of  the  highest  importance  and 
interest,  especially  that  by  Dittmar  and  Henderson  (8), 
who  intended  at  first  only  to  try  to  detect  the  sources  of 
error  to  which  the  method  was  liable,  but  in  the  end  made 
a  series  of  experiments  which  seem  to  be  free  from  the 
many  sources  of  error  which  they  proved  to  exist  in  the 
experiments  of  Dumas.  The  sources  of  error  which  had 
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escaped  notice  previously  were,  firstly,  the  formation  of 
sulphur  dioxide  when  hydrogen  was  allowed  to  stand  in 
contact  with  strong  sulphuric  acid,  and  secondly,  as  carried 
out  by  Erdmann  and  Marchand,  the  fact  that  the  escaping 
gas  was  only  dried  by  fused  calcium  chloride,  although  the 
gas  supplied  to  the  copper  oxide  was  dried  by  means  of 
phosphoric  anhydride  and  fused  potash.  Full  details  are 
given  as  to  the  apparatus  used  and  of  each  experiment,  and 
the  mean  of  the  seven  best  experiments  gives  O  =  15*866 
when  H  =  i  or  H  =  1*0085  when  O  =16.  Leduc  (9)  has 
made  some  similar  experiments,  but  only  scanty  details  are 
given,  and  his  result  is  stated  as  O  =  15*882. 

A  very  interesting  modification  is  that  of  Noyes  (10), 
who  used  an  apparatus  entirely  of  glass,  containing  copper 
oxide  and  having  a  part  which  could  be  cooled  so  as  to  con¬ 
dense  any  water  formed.  The  apparatus  with  copper  oxide 
was  exhausted  of  air  and  weighed,  then  heated  and  con¬ 
nected  with  an  apparatus  supplying  pure  hydrogen,  water 
was  formed  and  condensed  in  the  cold  side  tube.  After 
the  experiment  was  finished  the  apparatus  was  again  ex¬ 
hausted  with  suitable  precautions  and  the  weight  of  hydro¬ 
gen  which  had  entered  into  combination  with  oxygen  was 
found  directly.  The  whole  apparatus  was  now  heated  and 
the  water  distilled  out  and  the  apparatus  again  exhausted 
and  weighed.  W e  have  therefore  here  directly  obtained  the 
weight  of  hydrogen  and  that  of  the  oxygen  which  combined 
with  it,  as  well  as  that  of  the  water  produced.  The  value 
for  oxygen  so  obtained  is  1 5*886  ±  *0028,  or,  if  O  -  16,  then 
H  =  1*00717. 

Cooke  and  Richards  (11)  and  also  Keiser  (12),  weighed 
the  hydrogen  and  also  the  water  formed  from  it  and  thus 
escaped  the  most  serious  objection  to  the  copper  oxide 
method.  The  first-named  chemists  weighed  their  hydro¬ 
gen  in  a  large  glass  globe,  which  was  first  weighed  empty, 
weighed  again  after  filling  with  hydrogen,  the  hydrogen 
was  then  driven  first  by  a  current  of  pure  nitrogen  and  finally 
by  dry  air  over  red  hot  copper  oxide.  The  water  was 
weighed  but  not  the  copper  oxide.  The  great  objection  to 
this  method  is  the  great  size  of  the  glass  globe  required  to 
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hold  any  fair  quantity  of  hydrogen,  and  the  difficulty  of 
weighing  it  accurately.  This  was  done,  however,  after  the 
manner  of  Regnault,  by  having  a  counterpoise  of  the  same 
external  volume,  and  the  weighings  obtained  seemed  to  be 
satisfactory  in  the  highest  degree  even  under  great  varia¬ 
tions  in  the  atmospheric  conditions.  Perhaps  the  most  pro¬ 
bable  source  of  error  is  in  the  assumption  that  the  increase 
in  weight  of  the  globe  is  due  to  absolutely  pure  hydrogen, 
t  Oxygen  may  be  completely  removed  from  hydrogen  con¬ 
taminated  with  it,  but  this  is  not  so  with  nitrogen.  A  trace 
of  nitrogen  therefore  in  the  hydrogen  would  escape  detec¬ 
tion  and  defy  removal  and  so  cause  serious  error.  An 
error  in  Regnault's  method  of  weighing  gases  was  pointed 
out  by  Lord  Rayleigh  after  Cooke  and  Richards’  paper 
was  published  ;  this  was  the  correction  for  the  difference  in 
buoyancy  of  the  globe,  caused  by  differences  in  the  ex¬ 
ternal  and  internal  pressures,  the  globe  being  naturally 
smaller  when  exhausted  than  when  filled  with  gas  at  about 
the  atmospheric  pressure.  Their  corrected  results  give 
H  =  i  ’00825. 

Reiser  weighed  his  hydrogen  in  the  form  of  palladium 
hydride,  expelling  the  hydrogen  by  heat  and  passing  it, 
mixed  with  nitrogen,  over  red  hot  copper  oxide,  the  water 
formed  being  collected  and  weighed  in  much  the  usual  way. 
His  results  are  much  higher  than  those  of  most  of  the  recent 
workers  in  this  field,  as  they  point  to  15 ’9492  as  the  atomic 
weight  of  oxygen,  if  O  =  16,  H  =  1 ’003 18.  His  paper  is 
too  vague  in  many  points  for  criticism  ;  we  are  told  that 
“  chemically  pure  Zinc,  free  from  arsenic  ”  was  used  for 
making  the  hydrogen,  that  pure  nitrogen  was  used,  but  no 
description  of  how  this  was  obtained  is  given,  his  weights 
were  corrected  by  the  u  well-known  method  ol  adjustment, 
and  such  like  statements  abound  throughout  the  paper. 
Reiser  seems  to  have  unbounded  confidence  in  the  drying 
power  of  one  phosphoric  anhydride  tube  even  when  passing 
large  quantities  of  inert  gas  saturated  with  aqueous  vapour 
through  it  at  a  considerable  rate,  for  we  are  told  that  “a 
combustion  including  the  weighings  could  be  made  in  lour 
hours,”  also  that  the  various  pieces  of  the  apparatus  after 
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cleaning  “  were  allowed  to  stand  a  sufficient  time  to  acquire 
the  temperature  of  the  room  and  were  then  weighed  to 
TJo  of  a  milligram.  One  source  of  error  which  may  have 
existed  and  apparently  was  not  investigated  sufficiently  was 
the  tightness  of  the  tap  on  the  palladium  tube,  the  palla¬ 
dium  practically  being  weighed  m  vacuo  before  and  after 
the  experiment.  Air  might  easily  leak  in  as  any  one  who 
has  had  anything  to  do  with  the  very  best  glass  taps  knows, 
and  when  it  is  a  three  way  stopcock  the  risk  is  greatly  in¬ 
creased.  The  connection  of  two  of  the  pieces  by  ground 
glass  joints  wanted  careful  testing,  especially  as  the  joints 
seem  to  have  been  used  free  from  lubricant  of  any  kind. 
This  paper  is  unsatisfactory,  therefore,  although  of  fair 
length,  as  it  does  not  give  precise  information  where  it  is 
most  required,  but  gives,  instead  of  such,  only  general 
statements.  No  arrangement  seems  to  have  existed 
for  that  most  fundamental  of  all  such  operations, 
viz.,  testing  whether  the  apparatus  was  air-tight  to  begin 
with. 

Lord  Rayleigh  (13)  used  yet  another  gravimetric 
method,  he  abstracted  from  weighed  globes  containing 
hydrogen  and  oxygen  a  quantity  of  each  gas  and  combined 
them  by  successive  explosions  and  then  determined  the 
small  volume  of  the  residual  gas  and  found  its  weight  by 
calculation.  The  loss  of  weight  of  the  respective  globes 
after  due  correction  for  the  change  of  volume  consequent 
on  the  changed  internal  pressure,  and  for  the  small  residual 
volume  of  one  gas,  gave  the  weights  of  the  two  gases  which 
entered  into  combination.  The  value  thus  derived  is 
o  =  1 5*89  or  H  =  1  ’00692. 

The  ratio  of  the  respective  volumes  in  which  the  two 
gases  combine  to  form  water  has  been  determined  directly 
by  both  E.  W.  Morley  (14)  and  the  author  (15),  but  the 
results  arrived  at  are  not  the  same,  nor  does  either  agree 
with  the  result  deduced  by  Leduc  (16)  from  his  determina¬ 
tions  of  the  densities  of  hydrogen  and  of  oxygen  and  that 
of  the  mixture  of  the  gases  obtained  from  the  electrolysis  of 
strong  caustic  potash  solution,  which  he  seems  to  assume 
contains  the  gases  in  exactly  the  proportions  in  which  they 
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would  unite,  with  not  the  slightest  excess  of  either.  The 
value  for  the  volumes  of  hydrogen  which  unite  with  one 
volume  of  oxygen  is,  according  to  Morley,  2 •0002 3,  Leduc 
2'oo37,  Scott  2 •00245. 

Undoubtedly  Leduc’s  result  has  not  the  same  value  as 
a  direct  measurement,  for  a  very  minute  error  in  the  den¬ 
sity  determination  of  the  gaseous  mixture  would  affect  the 
ratio  of  the  volumes  very  considerably,  and  he  himself 
points  out  that  variations  in  the  pressure  at  which  the  gas  is 
being  evolved  very  markedly  affect  the  density  of  the  mix¬ 
ture  and  therefore  still  more  so  its  composition.  His  ratio 
of  the  volumes  is,  however,  of  the  same  order  of  magnitude 
as  that  of  the  author,  whilst  that  of  Morley  shows  a  very 
much  smaller  (only  about  one-tenth)  variation  from  the 
exact  value  of  2  :  1. 

The  apparatus  in  which  the  gas  is  measured  by  Morley 
is  practically  that  of  the  author  as  described  in  his  prelimi¬ 
nary  note  (17)  to  the  Royal  Society  in  1887,  but  with  this 
important  difference  that  it  is  also  used  as  the  exploding 
vessel,  and  hence  the  products  of  combustion  111  the  form 
of  water  are  left  and  must  interfere  with  the  accuracy  of 
the  readings,  since  Morley  claims  that  he  can  read  his 
mercury  levels  to  —  of  a  millimetre  and  that  he  does  so  to 
_i_  in  cc  wide  tube.  His  apparatus  for  the  preparation  and 
purification  of  his  gas  is  also  very  complicated  and  volu¬ 
minous.  His  method  of  testing  the  residual  gas,  after  the 
explosion  is  over,  is  not  at  all  satisfactory,  as  it  would  give 
it  a  minimum  value,  especially  if  the  residue  contained  hy¬ 
drogen  or  oxygen  which  had  escaped  combination  m  the 
final  explosion,  and  according  to  Dixons  experiments  there 
seems  to  be  a  small  quantity  which  does  miss  fire  in  every 
such  explosion,  and  this  agrees  quite  with  the  author’s  ex¬ 
perience,  although  when  the  gases  are  very  nearly  in  their 
exact  combining  proportions  it  becomes  inappreciable,  yet 
when  there  is,  for  example,  a  fair  excess  of  oxygen  then 
always  a  small  quantity  of  hydrogen  also  remains,  and  the 
greater  the  excess  of  oxygen  the  larger,  as  a  rule,  also  is  the 
quantity  of  hydrogen  in  the  residue.  Morley  states  that 
his  “  explosions  were  always  made  in  the  presence  of  a 
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large  volume  of  inert  gas  This  is,  of  course,  far  from 
a  condition  tending  to  give  results  of  great  accuracy.  The 
apparatus  used  by  the  author  of  this  paper  possessed  the 
following  advantages  :  (i)  The  gases  were  admitted  to  the 
measuring  vessel  direct  from  the  generating  vessel  without 
having  to  be  transferred  by  manipulation  at  a  pneumatic 
trough  ;  (2)  the  measuring  vessel  was  the  same  for  both 
gases,  the  volume  being  kept  constant  by  varying  the  pres¬ 
sure  at  which  the  gases  were  measured  ;  (3)  the  residue  in 
each  experiment  was  measured  and  analysed  and  the  unab- 
sorbable  residue  (considered  as  impurity)  was  at  any  rate 
a  maximum  as  it  would  contain  any  gas  evolved  by  the 
liquid  re-agents  used  (as  carbonic  oxide  from  the  alkaline 
pyrogallol)  ;  (4)  the  water  formed  by  the  combination  of  the 
gases  was  not  admitted  into  the  measuring  vessel,  and  so 
accurate  measurement  of  the  residual  gas  was  rendered  pos¬ 
sible,  and  this  was  done  in  a  narrow  tube  forming  part  of 
the  measuring  vessel ;  (5)  the  gases  were  obtained  by  a 
method  of  fractional  preparation,  so  that  any  variation  in 
the  ratio  of  the  combining  volumes  would  have  been  de- 
tected  and  any  change  of  composition  or  purity  in  the  gases 
made  apparent.  Thus  it  was  discovered  that  oxygen  from 
potassium  chlorate  always  gave  a  low  ratio,  and  that  this 
was  due  to  traces  of  chlorine  escaping  careful  washing  by 
caustic  potash  solution  was  proved  by  direct  experiment 
afterwards.  It  is  very  probably  to  this  impurity  that 
Morley’s  lower  ratio  is  due,  as  he  used  potassium  chlorate 
as  the  source  of  his  oxygen.  In  three  of  the  last  series  of 
twelve  experiments  the  volume  of  hydrogen  taken  ex¬ 
ceeded  twice  that  of  the  oxygen,  yet  giving  a  residue  of 
oxygen,  thus  proving  most  conclusively  that  the  ratio 
notably  exceeds  2:1.  The  volumes  in  these  experiments 
were — 


Hydrogen. 

Oxygen. 

Residue  of  Oxygen. 

6870-0 

3432*9 

2  'I 

68487 

3422-1 

2*9 

6793-1 

3395'8 

2*1 
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The  result  deduced  from  between  forty  and  fifty  experi¬ 
ments  is  that  100,000  volumes  of  oxygen  unite  with 
200,245  volumes  of  hydrogen  to  form  water  ;  or  in  other 
words,  equal  volumes  of  these  gases  contain  at  ordinary 
temperatures  and  pressures  not  exactly  an  equal  number  of 
molecules  but  in  the  ratio  of  200,245  of  oxygen  to  200,000 
of  hydrogen.  Applying  this  to  the  density  of  oxygen  found 
by  Lord  Rayleigh  to  be  15 '882  we  get  for  the  atomic  weight 

I  r  ‘882 

of  oxyocen— 9 -  =  1 5 *862 ;  Dittmar  and  Henderson  found 

100*1225 

1 5 *866,  Cooke  and  Richards  found  1 5  *869.  Leduc  ( 1 6)  found 
for  the  ratio  of  the  densities  15*905,  and  for  that  of  the 
volumes  1  :  2*0037,  giving,  therefore,  the  atomic  weight  of 
oxygen  a  number  a  little  higher,  viz. ,  15*876. 

Professor  Cooke  (18)  in  1889  found  the  density  of 
hydrogen  referred  to  air  *06958,  and  comparing  this  with 
Regnault’s  density  of  oxygen  1*1056,  deduced  the  value 
15*891  for  the  density  of  oxygen  referred  to  hydrogen, 
and  this  gives  15*8715  for  the  atomic  weight  of  oxygen. 
It  is  much  to  be  regretted  that  Professor  Cooke  did  not 
at  the  same  time  redetermine  the  density  of  oxygen  by  his 
method. 

With  regard  to  the  composition  of  the  salts  of  ammo¬ 
nium  and  their  evidence  as  to  the  relative  atomic  weights  of 
hydrogen  and  oxygen  it  was  pointed  out  by  Stas  at  the  end 
of  his  paper  (19)  of  i860  that  if  O  =  16,  NH4  =  18*06 
and  N  =  14*041,  that  is,  as  he  says,  we  have  4*02  in¬ 
stead  of  4*00  for  H4.  He  continues :  “  L’ensemble  de 
mes  recherches  me  porte  a  croire  que  l’erreur  existe  plutot 
sur  le  poids  atomique  de  l’hydrogene  que  sur  celui  de 
1’ azote. 

“  Si  ce  fait,  sur  lequel  j’attire,  sous  toute  reserve,  l’atten- 
tion  des  chimistes,  est  exact,  ce  que  je  compte  rechercher 
bientot,  en  reprenant  la  synthese  de  beau  par  une  methode 
nouvelle,  il  en  resultera  que  la  base  sur  laquelle  le  docteur 
Prout  avait  etabli  sa  loi,  manque  elle-meme  de  fonde 

ment.” 

Stas  in  his  paper  of  1876  gives  100  parts  of  silver  as 
equivalent  to  49*59^7  p^-tts  of  ammonium  chloride  and 
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90'8296  of  the  bromide.  These  give  us  the  following 
values  : — 


Ag. 

NH4CI. 

Cl. 

NH4. 

N. 

HifO  =  i6 

O  if  H  =  1. 

Stas 

van  der  Plaats 
Thomsen 

107 ’930 
I07’9244 
107  ‘9299 

53*53I9 

53‘529i 

53*5318 

35*457 

35*4565 

35*4494 

18-0749 

18-0726 

18-0824 

I4*055 
14*05  rg 
14-0396 

1-005 

1-0052 

1  ’0107 

or  15*920 
or  15-917 
or  15-830 

Similarly  we  have — 


NH4Br. 

Br. 

nh4. 

H  if  0  =  16 

O  if  H  =  1. 

Stas 

van  der  Plaats 
Thomsen 

98-0324 

98-0273 

98-0323 

79*952 

79*9548 

79-9510 

18-0804 

18-0725 

18-0813 

1-00635 

1-00515 

1-01042 

I5*899 

15-918 

i5*835 

The  final  results  are  therefore  not  very  concordant, 
since  using  Stas’  own  numbers,  O  =  15*899  to  15*920, 
with  van  der  Plaats’  (21)  recalculated  values  of  Stas’  atomic 
weights  we  get  15*917  to  15*918,  with  Thomsen’s  (22)  re¬ 
calculated  values  of  the  same,  15*830  to  15*835. 

One  conclusion  at  any  rate  seems  certain,  and  that  is, 
that  if  H  —  1,  then  O  =  16  is  too  high,  thus  corroborating  the 
work  previously  detailed  above.  In  1883  Professor  Dewar 
and  the  author  (23)  attempted  to  use  the  substituted  am¬ 
monias  so  as  to  throw  additional  light  on  this  subject,  but 
the  difficulty  of  obtaining  absolutely  pure  triethylamine,  free 
from  traces  of  methyl  and  the  higher  radicals,  prevented 
the  results  from  being*  as  conclusive  as  one  would  desire. 
The  value  182*012  was  obtained  for  (C2  H5)3  NHBr  ; 
subtracting  Stas’  value  for  ammonium  bromide  from  this, 
we  get  182*012 — 98*032  =  83*98  for  C6H12,  and  taking 
C  =  12  003  we  H12  =  11*96  or  H  =  *996.  Recently  a 
similar  number  has  been  obtained  for  hydrogen  by  Pro¬ 
fessor  Thomsen  (24)  of  Copenhagen,  by  means  of  ammonia 
and  hydrochloric  acid,  but  by  a  totally  different  method. 
He  passes  dry  hydrochloric  acid  gas  into  a  weighed  flask 
containing  water  coloured  with  litmus  and  again  weighs 
the  flask,  this  gives  the  amount  of  hydrochloric  acid 
absorbed.  Dry  ammonia  gas  is  now  passed  in  until  the 
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liquid  is  almost  exactly  neutral,  when  it  is  again  weighed. 
The  amount  of  acid  or  ammonia  in  excess  is  now  titrated 
by  means  of  dilute  alkali  or  acid  standard  solutions,  when 
the  weights  of  hydrochloric  acid  and  of  ammonia  equivalent 
to  one  another  are  obtained.  One  experiment  will  make 
the  method  plain. 

Weight  of  hydrochloric  acid  .  .  5*0191 

Added  ,,  .  ’0172 


Total  hydrochloric  acid 
Total  ammonia 

H  Cl  _  5-0363 

N  Hs  2*3523 


2*1410. 


5*0363 

-  *3  5  2  3 


The  mean  of  all  his  experiments  is  2*14087  ±  0*00009. 
This  when  corrected  for  air  displacement  becomes  2*13934 
±  0*00009.  If  we  take  the  values  for  N  and  Cl  (O  =  16)  of 


Stas 

van  der  Plaats 

Thomsen 

Cl  =  3  5  '45  7 

35*4565 

35*4494 

N  =  M'044  or  i4'°55 

1 4-051 9 

14-0396 

then  it  follows — 

H  =  -9989  or  -9945 

'9959 

•9992 

The  uncertainty  as  to  the  exact  atomic  weight  of  nitro¬ 
gen  has  thus  a  marked  influence  on  the  value  deduced  for 
H.  The  values  obtained  by  his  recalculation  are  maintained 
by  Thomsen  to  give  a  truer  expression  to  the  ratios  found 
by  experiment,  as  existing  between  the  compounds  used  by 
Stas,  than  the  atomic  weights  of  either  van  der  Plaats  or  ot 
Stas  himself.  It  must  be  noted,  however,  that  it  we  adopt 
Thomsen’s  value  for  nitrogen,  Stas’  value  for  hydrogen  is 
thrown  quite  the  other  way,  and  instead  of  being  H  —  999- 
we  saw  that  it  must  be  between  1*0104  and  1*0107. 

One  point  about  Thomsen  s  method  is  this  .  Are  the 
gases  really  dry,  i.e.,  absolutely  free  from  aqueous  vapour? 
The  mere  fact  of  the  same  ratio  being  obtained,  whether 
four  grams  or  twelve  grams  or  twenty  grams  of  hydro¬ 
chloric  acid  are  used  in  an  experiment,  only  proves  that 
the  quality  of  the  gas  was  the  same  throughout,  but  not  that 
it  was  either  pure  or  dry.  Unless  we  have  also  in  one  or 
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more  experiments  a  direct  comparison  with  silver,  preferably 
by  Stas’  method,  we  are  hardly  entitled  to  use  Stas’  numbers 
for  the  atomic  weights  of  chlorine  and  nitrogen. 

One  point  ought  to  be  noticed  which  strongly  corrobo¬ 
rates  the  lower  value  for  oxygen  (or  the  higher  value  for 
hydrogen),  and  that  is  that  in  many  cases  we  have  the  atomic 
weight  determined  in  units  derived  from  oxygen  as  well  as 
also  directly  compared  to  hydrogen.  Take,  for  instance, 
Mallet’s  paper  (4)  “  On  the  Atomic  Weight  of  Aluminium  ”. 
There  we  have — 

A1  =  27*075  from  ammonia  alum 

27*046  from  aluminium  bromide 

27*0605  mean  value  if  O  =  15 '96 
27*005  from  volumes  of  hydrogen  evolved 
26*998  from  water  produced  from  the  hydrogen 
evolved 


27.0015  mean  value  if  H  =  1 

hence  1  5*96  x  =  1  =0925  may  be  taken  as  the  atomic 

J  27*0605  J  J  7 

weight  of  oxygen  if  H  =  1. 

The  estimation  of  the  bromine  in  a  brominated  hydro¬ 
carbon,  or  the  synthesis  of  hydrochloric  acid  by  means  of 
silver  chloride  or  the  chloride  of  a  metal  less  volatile,  or  by 
some  volumetric  or  other  method,  would  give  most  valuable 
results. 

At  the  present  time,  therefore,  it  would  be  premature  to 
say  that  we  have  settled  beyond  doubt  the  relative  atomic 
weights  of  hydrogen  and  oxygen. 
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Alexander  Scott. 


ENUMERATION  OF  TITLES  OF  CHEMICAL 
PAPERS  APPEARING  IN  JUNE,  1894.1 

A  mencan  Chemical  Journal. 

Vol.  xvi.  No.  6.  (June,  1894.) 

Urban ,  L.  C.,  and  Kremers ,  £.,  The  Menthol  Group  (pp.  395-404). 
Urban ,  L.  C.,  and  Kremers ,  E.,  Ketones  from  Pinene  Derivatives 
(pp.  404-406).  Phillips ,  F  C.,  Researches  upon  the  Phenomena  of 
Oxidation  and  Chemical  Properties  of  Gases  (pp.  406-430).  Walker , 

C.,  The  Condensation  Products  of  Aromatic  Hydrazides  of  Acet- 
acetic  Ether.  Indol  and  Pyrazol  Derivatives  (pp.  430-443).  Gibbs , 
W.,  and  Reichert,  E.  T .,  A  Systematic  Study  of  the  Action  of 
definitely  related  Chemical  Compounds  upon  Animals  (pp.  443-449). 
Noyes ,  W.  A .,  and  Ballard ,  H.  H.,  The  Nitrites  of  some  Amines 
(pp.  449-457).  Beeson ,  J.  L.,  A  Study  of  the  Constituents  of  the 
Nodes  and  Internodes  of  the  Sugar  Cane  (pp.  457-464).  Roelofsen , 
J.  A .,  On  the  Solubility  of  Cream  of  Tartar  in  Alcohol  of  various 
Strengths  and  of  various  Temperatures  (pp.  464-467).  Roelofsen,  J.  A., 
The  Iodine-absorption  of  some  of  the  rarer  Fatty  Oils  (pp.  467-470). 

Journal  of  the  American  Chemical  Society. 

Vol.  xvi.  No.  6.  (June,  1894.) 

Frankforter,  G.  B.,  The  Iodides  of  Narceine  (pp.  361-364).  Robinson ,  N, 
Some  Sources  of  Error  in  our  Methods  of  determining  Potash  in 
Fertilisers  and  German  Potash  Salts  (pp.  364-372).  MPlhiney ,  P. 
C.,  Gantter’s  Process  for  determining  the  Iodine  Figure  of  Fats 
(pp.  372-374).  Stillman ,  T.  B.,  The  Chemical  and  Physical  Ex¬ 
amination  of  Portland  Cement  (pp*  374'385)-  M Plhiney ,  P.  C.,  The 
Quantitative  Separation  of  Rosin  Oil  from  Mineral  Oils  (pp*  385_388)1 
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G.  W.,  The  Action  of  Phosphorus  Pentachloride  upon  Molybdenum 
Trioxide  (pp.  425-427).  Baskerville,  C.,  The  Separation  of  Titanium 

from  Iron  (p.  427)* 

l1  It  is  proposed  to  continue  this  list  for  each  month. — Ed.] 
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The  Analyst. 

Vol.  xix.  No.  219.  (June,  1894.) 

Harvey ,  S.,  A  Simple  Apparatus  for  the  Extraction  of  Gases  Dissolved  in 
Water  (pp.  1 21-124).  Allen  and  Moor,  On  the  Detection  of  Ex¬ 
hausted  Ginger  (pp.  124-128).  Allen  and  Moor,  On  the  Change  in 
the  Composition  of  Butter  by  Long  Keeping  (pp.  128-131).  Blades , 
C.  M.,  Cheshire  Cheese  (pp.  1 31-133).  Teed ,  F.  L .,  Note  on  the 
Analysis  of  Phosphor  Tin  (p.  133).  Clayton ,  E.  G.,  Note  on  Lemon 
and  Orange  Peel  (p.  134). 

Journal  of  the  Chemical  Society. 

Vol.  lxv.  No.  379.  (June,  1894.) 

Branner ,  B.,  Fluoroplumbates  and  Free  Fluorine  (pp.  393-402).  Perkin, 
W.  H.,  The  Magnetic  Rotations  of  some  of  the  Derivatives  of  Fatty 
Acids  containing  Halogens,  also  of  Acetic  and  Propionic  Acids, 
Phosgene  and  Ethylic  Carbonate  (pp.  402-432).  Holt ,  W.,  and  Sims, 
W.  E .,  Oxidation  of  the  Alkali  Metals  (pp.  432-445).  Bailey ,  G.  H., 
Volatilisation  of  Salts  during  Evaporation  (pp.  445-450).  Richardson, 
A.,  Action  of  Light  on  Oxalic  Acid  (pp.  450-470).  Pears,  A.,  jun., 
Jute  Fibre  produced  in  England.  II.  (pp.  470-472).  Smith ,  C.,  The 
Natural  Oxycelluloses  (pp.  472-479).  Smith,  C.,  Note  on  the  Estima¬ 
tion  of  Furfural  (pp.  479-480).  Kipping,  F.  S.,  a-Hydrindone  and  its 
Derivatives.  I.  (pp.  480-504).  Titherley,  A.  W.,  Sodium,  Potassium, 
and  Lithium  Amides  (pp.  504-523).  Divers,  £.,  and  Haga,  T.,  Ox- 
imidosulphonates  or  Sulphazotates  (pp.  523-572).  Perkin,  W.  H.,jun., 
The  cis-  and  ^^-Modifications  of  1  :  2-Tetramethylenedicarboxylic 
Acid,  and  of  1  :  2-Pentamethylenedicarboxylic  Acid  (pp.  572-591). 
Haivorth ,  E.,  and  Perkin,  W.  H,  inn.,  Hexamethylene  Dibromide 
and  its  Action  on  Sodium  and  on  Ethylic  Sodio-malonate  (pp.  591-602). 

Journal  of  the  Society  of  Chemical  Industry. 

Vol.  xiii.  No.  5.  (31st  May,  1894.) 

Vautm ,  C .,  The  Electrolysis  of  Fused  Salts  (pp.  448-455).  Stanger,  W.  H , 
and  Blount ,  B.,  The  Testing  of  Hydraulic  Cements  (pp.  455-463). 
Gowland,  W.,  A  Japanese  Pseudo-speise  (Shirome)  and  its  Relation 
to  the  Purity  of  Japanese  Copper  and  the  Presence  of  Arsenic  in 
Japanese  Bronze  (pp.  463-471).  Brown,  J.  H,  Treatment  of  Cupreous 
Iron  Pyrites  as  carried  on  at  the  Portuguese  Mines  (pp.  472-473). 
Tate,  F,  Methods  for  the  Rectification  of  Vitriol  (p.  473).  Thotnson , 
W.,  India-rubber  (pp.  473-476).  Weber,  C.  O.,  On  the  Analysis  of 
India-rubber  Articles  (pp.  476-485).  Dreyfus ,  C.,  On  Resist  and 

Discharge  Styles  with  Aniline  Black  (pp.  485-487).  Procter,  H.  R.,  On 
the  Qualitative  Determination  of  Tanning  Materials  (pp.  487-493). 
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Procter ,  H.  R.,  Note  on  the  Estimation  of  Tanning  Matter  (pp. 
494-496).  Perkin ,  A.  G.,  A  Rapid  Method  of  Determining  the 
Shade  of  Alizarine  Pastes  (p.  496).  Hummel J.  J.,  and  Procter ,  H. 
P.,  Note  on  an  Improvement  in  Dyeing  Leather  with  Basic  Colours 
(pp.  496-497).  Tatlock,  R.  R.,  and  Thomson ,  R.  T.,  On  the  Suitability 
of  Waters  for  Dietetic  Purposes  as  shown  by  Chemical  Analysis  (pp. 

497~5OT)- 

Philosophical  Magazine  and  Journal  of  Science. 

Vol.  xxxviii.  No.  230.  (July,  1894.) 

Sutherland ,  W.,  The  Attraction  of  Unlike  Molecules.  I.  :  The  Diffusion  of 
Gases  (pp.  1-19). 

Chemical  News  and  Journal  of  Physical  Science. 

Vol.  lxix.  No.  1803.  (15th  June,  1894.) 

Linebarger ,  C.  E.,  Some  Modifications  of  Beckmann’s  Ebullioscope 
Apparatus  (p.  279). 

Vol.  lxix.  No.  1804.  (22nd  June,  1894.) 

Leicester ,  J The  Interaction  of  Quinones  and  Metanitraniline  and  Nitro- 
paratoluidine  (p.  291).  Warren ,  H.  IV.,  The  Physical  Properties  of 

the  Graphites  obtained  from  various  Metals  after  the  separation  of  the 
same  by  means  of  Dilute  Acids  (p.  291). 

Vol.  lxix.  No.  1805.  (29th  June,  1894.) 

Kern ,  S.,  Railway  and  Carriage  Spring  Steel  (p.  303).  Thomason,  W., 
Analysis  of  Sample  of  Ancient  Slag  (p.  303). 

Annales  de  Chimie  et  de  Physique. 

Tome  ii.  (July?  1894.) 

Berthelot,  Sur  une  methode  destinee  a  etudier  les  ecbanges  gazeux  entre 
les  etres  vivants  et  l’atmosphere  qui  les  entoure  (pp.  289-293). 
Berthelot  et  Andre ,  G.,  Etudes  sur  la  formation  de  l’acide  carbomque 
et  l’absorption  de  Foxygene  par  les  feuilles  detachees  des  plantes 
(pp.  293-339).  Berthelot  et  Vieille,  Recherches  sur  quelques  sels  de 
l’acide  azothydrique  (pp.  339~35 1  )*  Houllevigue,  L .,  Electrolyse  et 
polarisation  des  melanges  de  sels  (pp.  351-384)-  Minguin,  fitude  de 
quelques  derives  du  camphre  cyane  et  de  F ether  camphocarbonique 
(pp.  384-417). 

Bulletin  de  la  Socidtd  Chimique  de  Pans. 

Tomes  xi.-xii.  No.  11.  (5th  June,  1894.) 

Freundler ,  Sur  quelques  ethers  tartriques  a  radicaux  aromatiques  (pp.  47°- 
477).  Freundler,  Sur  le  pouvoir  rotatoire  des  corps  dissous  (pp.  47 7-480). 
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Thomas-Mamert ,  R.,  Sur  les  derives  aminofumariques  (pp.  480-486). 

Guerbet,  Sur  quelques  campholates  metalliques  (pp.  486-491).  Guerbet , 
/ 

Ethers  de  l’acide  campholique  (pp.  491-496).  Cazeneuve,  R.,  Sur  des 
laques  bleues  derivees  de  la  dibromogallanilide  et  sur  quelques 
reactions  bleues  des  polyphenols  en  presence  des  alcalis  (pp.  496- 
500).  Genvresse ,  P.,  Sur  les  sulfones  aromatiques  (pp.  501-5 14). 
Barillot ,  R.,  Sur  une  nouvelle  reaction  de  la  colchicine  (pp.  514-516). 
Barthe ,  Z.,  Nouvelle  methode  de  dosage  de  l’acide  salicylique  et  des 
salicylates  (pp.  516-522). 

Tomes  xi.-xii.  No.  12.  (20th  June,  1894.) 

Villiers ,  A.,  et  Fayolle ,  Sur  la  recherche  de  l’acide  chlorhydrique  (pp.  539- 
541).  Villiers  et  Fayolle ,  Sur  la  recherche  de  l’acide  bromhydrique 
(pp.  541-544).  Villiers  et  Fayolle ,  Sur  le  dosage  de  l’iode  (pp.  544-546). 

Sabatier ,  R.,  Remarques  sur  certains  chlorures  metalliques  hydrates 
(pp.  546-549).  Delepine ,  Action  du  chlorobromure  de  methylene  sur 
l’ammoniaque  en  solution  dans  Falcool  methylique  (pp.  549-556). 
Delepine,  Action  du  chlorure  de  methylene  sur  l’ammoniaque  en 
solution  alcoolique  (p.  556).  Barral,  F.,  Preparation  de  l’hexachloro- 
phenol  a  (pp.  557-560).  Massol,  Etude  thermique  des  acides  nitro- 
benzoiques.  Influence  de  l’isomerie.  Influence  de  la  substitution 
nitree  (pp.  560-562).  Sisley,  R.,  Sur  la  preparation  des  acides 

acetylgallique  et  acetyldibromgallique  et  le  dosage  de  l’acetyle  dans 
ces  combinaisons  (pp.  562-568).  Matignon,  C .,  Sur  l’energie  totale 
mise  en  jeu  dans  l’organisme  par  la  combustion  des  albuminoides 
(pp.  568-571).  Matignon,  C .,  Sur  l’hydrate  d’acide  urique  (pp.  571- 
573).  Matignon,  C .,  Derives  metalliques  de  la  formyluree,  de 

l’acetyluree  et  de  l’acide  oxalurique  (pp.  573-575)-  Matignon,  C ., 
Sur  quelques  nouveaux  sels  d’uree  (p.  575).  Reychler,  A.,  L’essence 
d’ylang-ylang  (pp.  576-583). 

Comp  les  Rendus  hebdomadaires  des  stances  de  d  A  cademie 

des  Sciences. 

Tome  cxviii.  No.  23.  (4th  June,  1894.) 

Rousseau,  G.,  et  Allaire,  H.,  Nouvelles  recherches  sur  les  boracites  chlores 
(pp.  1255-1258).  C harpy ,  Sur  le  role  des  transformations  du  fer  et  du 
carbone  dans  le  phenomene  de  la  trempe  (pp.  1258-1260).  Sabatier, 
R.,  Sur  un  bromhydrate  de  bromure  cuivrique  et  sur  un  bromure  rouge 
de  cuivre  et  de  potassium  (pp.  1260-1263).  Engel,  R.,  Sur  la  separation 
analytique  du  chlore  et  du  brome  (pp.  1263-1265).  Villiers,  A.,  et 
Fayolle ,  Sur  la  recherche  de  l’acide  bromhydrique  (pp.  1265-1268). 
Barthe,  Z.,  Nouveaux  derives  des  ethers  cyanacetique  et  cyanosuccini- 
que  (pp.  1268-1271).  Klobb,  T.,  Combinaisons  de  la  pyridine  avec 
les  permanganates  (pp.  1271-1273).  Ada7n,  P.,  Sur  les  emetiques 
(pp.  1273-1275).  Cavalier,  J.,  Sur  l’acide  monoethylphosphorique 

(pp.  1275-1277).  Trillat,  A.,  et  Cambier ,  R.,  Action  du  trioxy- 

methylene  sur  les  alcools  en  presence  du  perchlorure  de  fer  et  sur  les 
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nouveaux  derives  methyleiques  qui  en  resultent  (pp.  1277-1280). 
Brocket ,  A .,  Mecanisme  de  Taction  du  chlore  sur  l’alcool  isobutylique 
(pp.  1280-1282). 

Tome  cxviii.  No.  24.  (nth  June,  1894.) 

Villiers ,  yl.,  et  Fayolle ,  Sur  le  dosage  de  l’iode  (pp.  1332-1335).  Hitzel, 
E .,  Sur  les  sulfates  acides  d’aniline,  d’ortho,  et  de  paratoluidine  (p. 

1 335 )*  Combes ,  .4.,  Synthese  de  derives  hexamethylenique,  triethyl- 
phloglucine  (pp.  1336-1339).  Behai ,  yR,  et  Choay,  E .,  Composition 
qualitative  des  creosotes  officinales  de  bois  de  hetre  et  de  bois  de 
chene  (pp.  1339-1342).  Simon ,  Action  des  bases  aromatiques  pri- 
maires  sur  les  composes  cetoniques  dissymetriques  (pp.  1342-1345). 
Burcker ,  4?.,  Sur  la  stabilite  des  dissolutions  aqueuses  de  bichlorure 
de  mercure  (pp.  1345-1347).  Besson ,  ^4.,  Sur  la  preparation  de 
l’ethylene  perchlore  et  Taction  de  l’oxygene  ozonise  sur  ce  corps  (pp. 
1347-1350).  Griffiths ,  A.  B.,  Sur  une  ptomaine  extraite  des  urines 
dans  le  cancer  (p.  1350). 

Tome  cxviii.  No.  25.  (18th  June,  1894.) 

Berthelot,  Le  principe  du  travail  maximum  et  l’entropie  (pp.  1378-1393). 
Villiers ,  A.,  et  Fayolle ,  Recherche  des  traces  de  chlore  (pp.  1413-1415). 
Maumene ,  E.,  Sur  les  emetiques  (pp.  1415-1418). 

Journal  de  Pharmacie  et  de  Chimie. 

Tome  xxix.  No.  12.  (15th  June,  1894.) 

/— 

Petit  et  Terrat,  Du  chlore  dans  l’urine  (pp.  585-591).  Ehrmann ,  Etude  du 
henne  (pp.  591-598). 

Tome  xxx.  No.  1.  (1st  July,  1894.) 

Behai  A.,  et  Choay ,  E.,  Sur  les  points  de  fusion  et  d’ebullition  de  quelques 
phenols  et  de  leurs  ethers  benzoiques  (pp.  5-8).  Gnmbert ,  L.,  Sur  la 
recherche  du  bacille  typhique  dans  les  eaux  (pp.  8-10).  L  FElte, 
Falsification  du  lait  par  ecremage  (pp.  10-14).  Moreau ,  Sur  la 
relation  entre  le  pouvoir  rotatoire  du  camphre  et  le  poids  moleculaire 
de  quelques  dissolvants  (pp.  14-19).  Villiers,  A.,  et  Fayolle,  Sur  la 
recherche  de  l’acide  chlorhydrique  (pp.  19-24). 

J ustus  Liebig s  Annalen  der  C henne. 

Band  cclxxix.  Heft  1  und  2.  (14th  June,  1894.) 

Marckwald,  W.,  Ueber  die  Constitution  der  Ringsysteme.  II.  (pp.  1-23). 
Wislicenus,  W.,  Ueber  die  Einwirkung  von  Phenylhydrazin  auf 
Benzalmalonsaureester  (pp.  23-27).  Kehrmann ,  F.,  Uebei  raumiso- 
mere  Chinonoxime.  I.  Ueber  raumisomere  Aether  und  Ester  des 
Monochlorchinonmetaoxims  (pp.  27-39).  Eschweiler ,  W.,  Ueber 

einige  Acetonitrile.  II.  (pp.  39_4S)*  Bischoff,  C.  A .,  und  Walden, 
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P.,  I.  Ueber  derivative  der  Glycolsaure  (pp.  45-7 1 ).  II.  Ueber 
derivative  der  Milchsaure  (pp.  71-100).  III.  Ueber  derivative  der 
beiden  a-Oxybuttersauren  (pp.  100-118).  IV.  Ueber  derivative  der 
Mandelsaure  (pp.  118-130).  V.  Ueber  derivative  der  Aepfelsaure 
(pp.  130-138).  VI.  Ueber  derivative  der  Weinsaure  (pp.  138-153). 
Bischoff,  C.,  VII.  Ergebnisse  der  Studien  liber  die  Derivative  der 
ein-  und  zweibasischen  a-Oxysauren  (pp.  153-188).  Knorr ,  Ludwig , 
Untersucbungen  in  der  Pyrazolreihe.  I.  Ueber  die  Constitution  des 
Pyrazols  (pp.  188-232).  II.  Ueber  die  Condensation  von  Methyl- 
hydrazin  mit  /3-Diketonen  (pp.  232-237).  Rosengorten ,  G.  D III. 
Ueber  die  Condensation  von  Hydrazin  mit  Acetylaceton,  Acetyl- 
acetessigester  und  Aethylidenacetessigester  (pp.  237-244).  Oeitinger , 
B.,  IV.  Ueber  die  Condensation  von  Hydrazin  mit  Methylacetylaceton 
(pp.  244-247).  Knorr ,  Z.,  und  Oettinger ,  B.,  V.  Notiz  uber  die 
Condensation  von  Hydrazin  mit  Dimethylacetylaceton  (pp.  247-248). 
Sjollema ,  B.,  VI.  Ueber  die  Condensation  von  Hydrazin  mit  Benzyl- 
aceton  und  Benzoylacetessigester  (pp.  248-255). 

Annalen  der  Physik  und  Chemie  ( Wiedemann ). 

Band  Hi.  Heft  3.  (1st  June,  1894.) 

Elsier,  J. ,  und  Geitel ,  H,  Weitere  lichtelectrische  Versuche  (pp.  433'455)- 
Heydweiller ,  A.,  Ueber  Villari’s  kritischen  Punkt  beim  Nickel  (pp. 
462-473).  Diihring,  V.,  Vertheidigung  der  urspriinglichen  Fassung 
des  Gesetzes  der  correspondirenden  Siedetemperaturen  gegeniiber 
Hrn.  S.  Young  (pp.  556-589).  Rontgen ,  W.  C.,  Ueber  den  Einfluss 
des  Druckes  auf  die  Dielectricitatconstanten  des  Wassers  und  des 
Aethylalkohols  (pp.  593-604).  DSguisne,  C.,  Ueber  die  Frage  nach 
einer  Anomalie  des  Leitvermogens  wasseriger  Losungen  bei  40  (pp. 
604-607). 

Archiv  fur  Pharmacie. 

Band  ccxxxii.  Heft  4.  (25th  June,  1894.) 

Schaer,  E.,  Ueber  die  alcaloidartigen  Reactionen  des  Acetanilids  (pp. 
249-261).  Nothnagel,  G.,  Ueber  Cholin  und  verwandte  Verbindungen, 
mit  besonderer  Berucksichtigung  des  Muscarins  (pp.  261-307).  Sieck, 
IV.,  Die  schizolysigenen  Sekretbehalter,  vornehmlich  tropischer  Heil- 
pflanzen  (pp.  307-31 1).  Fliickiger,  F.  A.,  Australische  Manna  (pp. 
311-315).  Poleck ,  T.,  Ueber  das  Jalapin  (Scammonin)  (pp.  315-321). 
Adolphi ,  W.,  Zur  Kenntnis  des  Espentheeres  (pp.  321-328). 

Berichte  der  Deutschen  Chemischen  Gesellschaft. 

Jahrgang  xxvii.  No.  10.  (iithjune,  1894.) 

Palmer ,  A.  W.,  Dimethylarsin  (p.  1378).  Pickering ,  S.  U.,  Priifung 
einiger  Eigenschaften  von  Chlorcalciumlosungen  (pp.  1379-1386). 
Kahlbaum ,  G.  W.  A.,  Selbstthatige,  continuirlich  wirkende  Queck- 
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silber — Luft-pumpe  fiir  chemische  Zwecke  (pp.  1386-1394).  Nie- 
mentowski ,  St.,  Synthesen  der  Chinolinderivative  (pp.  1394-1403). 
Weil ,  H .,  Ueber  das  Tetramethyldiamidobenzhydrol  (pp.  1403-1409). 
Ladenburg,  A.,  Krystallform  des  weinsauren  /3-Pipecolin  (p.  1409). 
Lange ,  H ,  Zur  Kenntniss  der  Truxillsauren  (pp.  1410-1416).  Lieber- 
mann,  C.,  Ueber  Truxen  (pp.  1416-1418).  Jacobson ,  V,  Ueber  einige 
Derivative  des  Opiazons  (pp.  1418-1426).  Nietzki,  R.,  und  Schneider , 
J.,  Ueber  einige  Derivative  des  Pseudocumols  (pp.  1426-1432).  Wohl, 
A.,  Ueber  die  Reduction  der  Nitroverbindungen  (pp.  1432-1438). 
Lagodzinski ,  K Ueber /3-Anthrachinon  (p.  1438).  Aschan ,  O .,  Ueber 
die  Campherformel  von  Bredt  (pp.  1439-1446).  Aschan ,  <9.,  Ueber 
die  Bildung  des  Campherchinons  bei  der  Oxydation  der  Camphocar- 
bonsaure  mit  Kaliumpermanganat  (pp.  1446-1449).  Noyes ,  W.  A ., 
und  Ballard ,  H.  IT.,  Ueber  die  Nitrite  einiger  Amine  (pp.  1449-1452). 
Heidenreich ,  ^4.,  Ueber  Indoxazene  (pp.  1452-1456). 

Jahrgang  xxvii.  No.  n.  (25th  June,  1894.) 

Bamberger ,  ZEVg.,  und  Williamson ,  A.,  Ueber  das  Dekahydrochinolin 
(pp.  1458-1478).  Tietze,  If.,  Zur  Kenntniss  des  Hexahydrochinolins 
(pp.  1478-1481).  Lossen ,  fU,  Eine  Reaction  der  Dihydroxamsauren 
(pp.  1481-1482).  Harris,  W.,  und  Meyer,  Victor,  Ueber  den 

Molecularzustand  des  Calomeldampfes  (pp.  1482-1489).  Chalmot, 

G.  de,  Die  natiirlichen  Oxycellulosen  (pp.  1489-1491).  Bischoff,  C. 
A.,  und  Walden,  P.,  Ueber  Anomalien  bei  Verkettungen  (pp.  1491- 
1495).  Wallach,  O .,  Ueber  Oxydationsproducte  des  Carvons 
(pp.  i495-i497k  Ciamician ,  G.,  und  Silber,  P.,  Synthese  des 
Benzophloroglucintrimethylathers  (Methylhydrocotoin  oder  Benzoyl- 
hydrocoton)  (pp.  1497-1501).  Koenigs ,  W.,  Ueber  Merochinen  und 
Cincholoipon  (pp.  1501-1507).  Tranbe,  W.,  Ueber  Isonitramine 
(pp.  1507-15 10).  Pechmann,  H.  von,  und  Vanino ,  L .,  Darstellung 
von  Acylsuperoxyden  (pp.  15 10-15 13).  Vahle ,  Th .,  Ueber  einige 
Derivative  des  a-Diphenylsemicarbazides  und  des  a-Diphenylsulfo- 
semicarbazides  (pp.  15 13-15 19).  Lachmann ,  A.,  und  Thiele,  J., 
Ueber  einige  Nitramine  der  Harnstoffgruppe  (pp.  15 19-152 1).  Vries, 

H.  /.  F  de,  Phenylhydrazinformiat,  -lactat,  Acetyl-  und  Formyl 

-phenylhydrazin  (pp.  1521-1523).  Einhorn,  A.,  und  Willstdtter ,  R., 
Ueber  die  technische  Darstellung  des  Cocai'ns  aus  seinen  Neben- 
alkaloiden  (pp.  1523-1524).  Fischer,  E.,  Ueber  zwei  neue  Hexite 
und  die  Verbindungen  der  mehrwerthigen  Alkohole  mit  dem  Bitter- 
mandelol  (pp.  1524-1538).  Looft,  £.,  Ueber  das  Methylcyclopen- 
tenon  und  einige  seiner  Derivative ;  sowie  iiber  symmetrisches 
Cyclopentenon  (pp.  i53^_I542)-  Looft,  E.,  Neue  Holzolbestandtheile 
(pp.  1542-1547).  Bamberger,  Eug.,  und  Voss,  A.,  Ueber  Ivetotetra- 
hydronaphtalin  (pp.  i547'I54^)’  Bamberger,  E.,  Ueber  das  Phenyl- 
hydroxylamin  (pp.  I54^'I557)•  Jaffe j  bJeber  das  Benzidinsenfol 

(pp.  1557-1561). 
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Journal  fur  Praktische  Chemie. 

Band  xlix.  No.  12.  (6th  June,  1894.) 

Claus ,  A .,  Ueber  die  Constitution  des  Benzols  (pp.  505-525).  Claus ,  A., 
und  Reinhard ,  K.,  Para-Bromchinolin.  III.  (pp.  525-540).  Vaubel, 

IV. ,  Ueber  das  Verhalten  einiger  Benzolderivative  gegen  nascirendes 
Brom.  III.  (pp.  540-546).  Donath ,  E.,  Ueber  invertirende  Wir- 
kungen  des  Glycerins  (pp.  546-549).  Walter , J,  Zur  Darstellung  des 
Chinolins  (pp.  549-551).  Wurgaft,  J.,  Condensation  von  Aldehyden 
mit  a-Naphtohydrochinon  und  a-Naphtochinon  (pp.  551-552). 

Zeitschrift  fur  Analytische  Chemie. 

Jahrgang  xxxiii.  Heft  3.  (June,  1894.) 

Schjerning. ,  H.,  Ueber  die  quantitative  Trennung  der  in  Bierwiirze  enthal- 
tenen  amorphen  stickstoffhaltigen  organischen  Verbindungen  (pp.  263- 
299).  Foerster ,  F.,  Ueber  die  Einwirkung  von  Sauren  auf  Glas 

(pp.  299-322).  Foerster,  F.,  Ueber  die  Erscheinungen  bei  der 
Yerwitterung  der  Glaser  und  bei  der  Zersetzung  derselben  durch 
Wasser  (pp.  322-335).  Fleitmann ,  Th.,  Ueber  die  quantitative 

Bestimmung  der  gewohnlichsten  Beimischungen  des  im  Handel 
vorkommenden  Reinnickels  oder  Walznickels  (pp.  335-338).  Vedrodi, 

V. ,  Die  Zersetzung  der  Albuminate  durch  die  Hydrate  der  Alkalien 
(pp.  338-341).  Borntrdger,  H.,  Ueber  eine  einfache  Aufarbeitung  der 
Molybdanriickstande,  sowie  uber  einige  Erfahrungen  bei  der  Phos- 
phorsaurebestimmung  mittelst  der  Molybdanmethode  (pp.  341-343). 
Gantter ,  F,  Apparat  zur  Herstellung  von  50  mm.  Wasserdruck  bei 
der  Bestimmung  des  Kaltepunktes  der  Oele  (p.  343).  Gernhardt,  V., 
Ueber  neue  Siedegefasse  (p.  344). 

Zeitschrift  fur  Anorganische  Chemie. 

Band  vi.  Heft  6.  (27th  June,  1894.) 

Lea  Carey,  Umwandlungen  von  mechanischer  in  chemische  Energie.  III. 
(pp.  349-355).  Lowenthal,  S.,  Zur  Kenntnis  der  chlor-  und  amido- 
chromsauren  Salze  (pp.  355-369).  Lea  Carey,  Neue  Methode  zur 
Bestimmung  der  relativen  Affinitaten  einiger  Sauren  (pp.  369-377). 
Arciowski,  H,  Ueber  die  kiinstliche  Darstellung  von  Haematit  (pp. 
377-380).  Smith,  £.  F.,  und  Wallace ,  D.  L.,  Doppelbromiire  von 
Palladium  (pp.  380-384).  Smith,  E.  F,  und  Sargent,  G.  W.,  Ueber 
die  Einwirkung  von  Phosphorpentachlorid  auf  Molybdansaure  (pp. 
384-386).  K'ehrmann,  F,  und  Bohm ,  E.,  Zur  Kenntnis  der  kom- 
plexen  anorganischen  Sauren.  VI.  (pp.  386-392).  Arctowski,  H.,  Beit- 
rage  zur  Kenntnis  des  Losungsvorganges.  II.  (pp.  392-410). 


ENUMERATION  OF  TITLES. 


553 


Zeitschrift  fur  Physikalische  Chemie. 

Band  xiv.  Heft  2.  (15th  June,  1894.) 

Neumann ,  B.,  Ueber  das  Potential  des  Wasserstoffs  und  einiger  Metalle 
(pp.  1 93-231).  Wildermann,  M.,  Die  Methode  von  Ivohlrausch  in 
ihrer  Anwendung  zur  Untersuchung  der  elektrischen  Leitfahigkeit 
schwach  dissoctierter  Stoffe  (pp.  231-247).  Wildermann ,  M.,  Ueber 

eine  weitere  Methode  zur  Bestimmung  der  elektrischen  Leitfahigkeit 
schwach  dissocuerter  stoffe  (pp.  247-272).  Schlamp ,  A .,  Zur  Disso- 
ciationstheorie  der  Losungen  (pp.  272-286).  Thwing ,  C.  B.,  Eine 
Beziehung  zwischen  Dielektrizitatskonstante  und  chemischer  Konsti- 
tution  des  Dielektrikums  (pp.  286-301).  Lehmann ,  O.,  Ueber  elek- 
trische  Konvektion,  Sedimentation  und  Diffusion  (pp.  301-3 17). 
Kohlrausch ,  F,  und  Heydweiller ,  A.,  Ueber  reines  Wasser  (pp. 
3 1 7~33 1  )•  Schuncke ,  J,  Ueber  die  Loslichkeit  des  Athyloxydes  in 
Wasser  und  wassriger  Salzsaure  (pp.  331-346).  Jones ,  H.  C.,  Ueber 
die  Losungstension  von  Metallen  (pp.  346-361).  Thorpe ,  T.  E., 
Ueber  die  Beziehung  zwischen  der  inneren  Reibung  von  Flussigkeiten 
und  ihrer  chemischen  Natur  (pp.  361-373). 

Zeitschrift  fur  Physiologische  Chemie. 

Band  xix.  Heft  4  und  5.  (23rd  June,  1894.) 

Klebs ,  E.,  Ueber  Diamidopropionsaure  (pp.  301-339).  Baisch,  K.,  Ueber 
die  Natur  der  Kohlehydrate  des  normalen  Harns.  II.  (pp.  339-369). 
Laves ,  E.,  Untersuchung  des  Fettes  von  Frauenmilch  (pp.  369-378). 
Schmitz ,  K,  Die  Eiweissfaulniss  im  Darm  unter  dem  Einflusse  der 
Milch,  des  Kefyrs  und  des  Kases  (pp.  378-401).  Schmitz ,  K Die 
Beziehung  der  Salzsaure  des  Magensaftes  zur  Darmfaulniss  (pp.  401- 
41 1).  Hoppe- Sey/er,  F,  Weitere  Versuche  uber  die  Diffusion  von 
Gasen  in  Wasser  (pp.  41 1-422).  Arahi,  T.,  Ueber  die  chemischen 
Aenderungen  der  Lebensprocesse  in  Folge  von  Sauerstoffmangel.  IV. 
(pp.  422-476).  Hoppe-Seyler ,  F,  Bemerkungen  zur  vorstehenden. 
IV.  Mittheilung  von  Herrn  T.  Araki  liber  die  Wirkungen  des 
Sauerstoffmangels  (pp.  476-482).  Schutz,  E.,  Ueber  das  Vorkommen 
von  Fleichmilchsaure  in  pathologischen  Harnen  (pp.  482-488).  Bitto , 
B.,  Ueber  die  Bestimmung  des  Fecithingehaltes  der  Pflanzenbestand- 
theile  (pp.  488-499).  Borissow,  P.,  Ueber  die  giftige  Wirkung  des 
Diamids,  des  Dibenzoyldiamids  und  iiber  das  Vorkommen  des 
Allantoins  im  Harn  (pp.  499-5 11).  Borissow ,  P .,  Zur  Bestimmung 
des  Cystins  im  Harn  (pp.  51 1-5 20). 

Atti  della  Reale  Accademia  dei  Lincei. 

Vol.  iii.  Fascicolo  9.  (6th  May,  1894.) 

Bizinelli  Cumarine  carbossilate  (pp.  451'453)-  Angelt ,  Azione  dell  acido 
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nitroso  sopra  Y  amminocanfora  (pp.  453'459)- 
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Alvisi ,  Ricerche  sugli  acidi  inorganici  complessi  (pp.  494-499).  Ge7inari , 
Spettrochimica  del  cumarone  e  dell’  indene  (pp.  499-504).  Carrara , 

Coefficients  di  affinita  dei  solfuri  alchilici  per  gli  joduri  alchilici 
(pp.  504-510).  Angeli,  Sopra  un  nuovo  miscuglio  esplosivo  (pp.  510- 
514).  Miolati,  Sulla  stabilita  delle  immidi  di  acidi  bibasici  (pp.  515- 

522). 

Gazzetta  Chimica  I  tali  ana. 

Anno  xxiv.  Fascicolo  5.  (31st  May,  1894.) 

Cossa,  A.,  Sulla  reazione  di  Anderson  (pp.  393-397).  Anderlini,  F,  Azione 
dell’  etilenediammina  sopra  alcuni  acidi  bicarbossilici  (pp.  397-401). 
Anderlini ,  F,  Azione  dell’  etilenediammina  sulle  anidridi  di  acidi 
bibasici  (pp.  401-407).  Ciamician ,  G.,  e  Siller,  P.,  Sulla  costituzione 
della  cotoina  (pp.  407-43 2).  Ampola,  G.,  Sopra  un  composto  dell’ 
acido  picrico  con  l’anetol  (p.  432).  Magnanini ,  G.,  e  Bentivoglio ,  T., 
Azioni  dell’  anidridi  acetica  sopra  l’acido  succinico  in  presenza  di 
cloruro  di  calcio  (pp.  433-437).  Biginelli,  P .,  Metaossiacetofenone  e 
derivati  (pp.  437-444).  Tassinari,  G.,  Sulle  diacidanilidi  (pp.  444-450). 
Pellizzari ,  G.,  e  Cuneo,  G.,  Ricerche  sulla  guanidina.  IV.  Amidogu- 
anidina  e  suoi  derivati  alchilici  (pp.  450-468).  Gennari ,  G.,  Spettro¬ 
chimica  del  cumarone  e  dell’  indene  (pp.  468-474).  Anderlini ,  F, 
Sulle  anidridi  suberica,  azaleica  e  sebacica  (pp.  474-478).  Montemar- 
tini,  C.,  Dimorfismo  del  fluoborato  potassico  (pp.  478-480). 
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